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A SUBSTANCE HAVING AN APO PTOS I S - I N DUG I NG ABILITY 

TECHNICAL EIELD 
The present invention relates to a substance having an 
apoptosis-inducing ability useful in the field ot 
pharmaceutical agents, foods and beverages, a method for the 
manufacture thereof, and pharmaceutical agents, foods anc 
beverages containing said substance having an apoptosis- 
inducing ability. 

PRIOR ART 

In recent years, a mode of apoptosis has been drawing 
the attention concerning the death of cell tissues. Unlike 
necrosis which is a pathological cell death, apoptosis is a 
death which is integrated from the first in gene of the cell 
itself. Thus, a programmed death gene protein is 

biosynthesi zed by activating gene which programs the apoptosis 
where some external or internal, cause acts as a origger, or in 
otner case, a programmed deat.hi prcitein which exists within c; 
cell as non-activated type is activated. It is believed chat 
the cell itself is degraded by the produced programm.ed death 
protein of activated type whereby death of the cell is resulied. 




significantly meaningful . 



PROBLEMS TO BE SOLVED BY THE INVENTION 
An object of the present invention is to offer a substance 
having an apoptosis-inducing ability useful in the field of 
pharmaceutical agents, foods and beverages, to offer a method 
for the manufacture thereof, and furthermore to offer 

substance having an apoptosis-inducing ability as an effective 
component . 



MEANS TO SOLVE THE PROBLEMS 
The present inventors have carried out an intensive 
investigation for achieving the above-mentioned objects, found 
that a heat-treated product obtained by heating at least one 
compound selected from (a) pentose, (b) pentose derivatives 
such as deoxyribose, (c) compounds containing pentose such as 
r iocnucleC'S ide , ribonucleotide ana rioonucleic acrd, and (a; 
compcuncs contarnrng pentC'Se derivaoive sucn as 
dec'xyribc'nucleoside , deoxyrib onucleot ide and 

deoxyribonucleic acid has a strong apoptosis-inducing actic-n 
to cancer cells, succeeded in isolatino a substance havinc an 




the first feature cf the present invention relates to a method 
for the manufacture of a substance having an apoptosis-inducing 
ability characterized in including a step of subjecting at least 
one compound selected frc^m the following (a), (b), (c) and (d) 
[excluding uronic acid and/or uronic acid derivatives; and 
compounds which contain uronic acid and/or uronic acid 
derivatives] to a heating treatment: 
{ a ) pentose ; 

(b) pentose derivatives; 

(c) compounds containing pentose; 

(d) compounds containing pentose derivatives. 

As an embodiment of the first feature of the present 
invention, ribose or xylose is exemplified as pentose although 
the present invention is not limited thereto. Examples of the 
pentose derivatives are deoxypentose such as deoxyribose and 
pentose derivatives where a group capable of having a negative 
charge such as phosphc-ric acid group or sulfuric acid group is 
trended at S-posltic^n, Exam.ples of the compounds containing 
c^entcse are r ibc^nucleos i(ie , ribon jcleo t ide , ribonuclerc acid 
and pentose where a group of capable of having a negative charge 
such as phosphoric acid group or sulfuric acid group is bonded 
at 5-position. Examples of the compounds conoainina oentose 




4, 5-dihydroxy-2-pentenal, 4-hydroxy-2-cyclcpenten-l- Dne , 4- 
(9-adeninyl)-2-cyclopenten-l-cne, 4-(9-guaninyl)-2- 
cyclopenten-l-one , 1, 5-epoxy- 1 -hydroxy- 3 -penten-2 -one and 
4 f 5-dihydroxy-2-cyclopenten-l-one . 

The second feature c^f the present invention relates to 
an apoptosis-inducing compound selected from 4-(?- 
adeninyl ) -2-cyclopenten-l-one, 4- ( 9-guaninyl ) -2- 

c\^c 1 OT^e^n t f^^n - 1 -on . 1 . S -f^nnxv- 1 -h vd roxv- -oent en -2 -one . 2- 
( 3 , 4 -dihydroxy- 1-butenyl ) - 4 - ( 2 - f ormylvinyl ) -1 , 3-droxolane 
and the compound represented by the following formula [1]. 



O 




[1] 
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■;in the formula, R is a residual group* after remioval :f an oH 
group from a compound containing an SH group.; 

Examples of the compound cc-ntaining an SH group in the 
em.bodiment of the second feature if the p^resent invention are 
cysteine and glutathione although the present invention is n:it 




having a sensitivity to a compound selected from 4,5- 
dinydroxy-2-pentenal, 4-hydroxy-2-cyclopenten-l-one, 4- (9- 
adeninyl) -2-cyclopenten-l-one, 4- (9-guaninyl) -2- 

cyclopenten- 1-one , 2-(3,4-dihydroxy-l-butenyl)-4-(2- 
f ormylvinyl ) -1, 3-dioxoiane, 1, 5-epoxy-l -hydroxy-3-penten-2- 
one and a compound represented by the formula [I], characterized 
in that, said pharmaceutical agent contains a compound selected 
f rom 4 - 5-di hydroxy-2 -pentenal , 4 -hydroxy-2 -cyclopenten- 1 -one , 
4 - ( 9-adeninyl ) -2 -cyclopenten- 1 -one , 4 - ( 9-guaninyl ) -2- 

cyclopenten-l-one , 2 - (3, 4-dihydroxy-l-butenyl ) -4- (2- 

formylvinyl) -1, 3-dioxolane, 1, 5-epoxy-l -hydroxy-3-penten-2- 
one and a compound represented by the formula [I] as an effective 
component . 

Examples of the pharmaceutical agent in the embodiment 
of the third feature of the present invention are anticancer 
agent, apoptosis inducer, antirheumatic agent, inducer for 
production of human insulin-like growth factor, suppressor of 

the active oxygen productic-n and inducer of the heat sho::.k 
prc'^ein althjugh the p^resent invention is not ^im.ited cheret-. 

The fourth feature of the present invention relates to 
food or beverage where a substance having an apoptosis-inducing 
ability obtained by subiectmg at least c^ne compound selected 




treatment and/or a partially purified product thereof are/is 
contained therein, diluted therewith and/or added thereto: 

( a ) pentose ; 

(b) pentose derivatives; 

(c) compDunds containing pentose; 

(d) compounds containing pentose derivatives. 
Examples of the food or beverage in the embodiment of 

the fourth feature of the present invention are carcinostatic, 
apoptosis-inducing, antirheumatic, human insulin-like growth 
factor production inducing , active oxygen production 
suppressing and heat shock protein inducing food or beverage 
although the present invention is not limited thereto. 

BRIEF EXPLANATION OF THE DRAWINGS 
Fig. 1 shows a mass spectrum of 4 - ( 9-adeninyl ) -2- 
cyclopenten- 1-one . 

Fig. 2 shows a ^H-NMR spectrum of 4- ( 9-adeninyl ) -T'- 

cy 1 C'C'Onten - I - c ne . 

r" ^ cj . 3 3 r . 0 w s a mass s o e c ti r u m g i 4 ~ \ ~ g u a n i n y ^ } ~ J. — 
cy ^lopenten - 1-o-ne . 

Fig. 4 shows a ^H-NMR spectrum of 4 - ( 9-guaniny 1 ) - 2 - 
cy ::1 iipenten - 1 -c^ne . 




hydroxy-3-penten-2-C'ne . 

Fig. 7 shows a mass spectrum of 2 - ( t r ans - 3 , 4 - 
dihydroxy- 1-butenyl ) ~4- (trans-2- formyl vinyl ) -1, 3-dioxolane. 

Fig. 8 shows a ^H-MMR spectrum of 2 - ( t r ans - 3 , 4 - 
dihydroxy-l-butenyl ) ^4- ( trans-2- formyl vinyl ) -1, 3-dioxolane. 

Fig. 9 shows the relation between the pentose 
concentration and the produced amount of 4 , 5-dihydroxy-2- 
cyclopenten-l-one . 

Fig. 10 shows a mass spectrum of the peak 1. 

Fig. 11 shows a mass spectrum of the peak 3. 

Fig . 12 shows a ^H-NMR spectrum of the peak 1 . 

Fig. 13 shows a ^H-NMR spectrum of the peak 3. 

Fig. 14 shows the NO2" concentration in the medium when 
2- (trans-3, 4 -dihydroxy-l-butenyl ) -4- { trans-2-f ormylvinyl ) - 
1 , 3-dioxolane was added followed by incubating under each of 
the incubating conditions. 

em30dimz:nts of the invention 

The present invention will now be specifically 
illustrated as hereinafter. 

Pentose is a general name for saccharides having five 
carbons and arabinose , xylose, ribose, lyxose, etc. are present 




pentitol and, for the former, deoxyribose while, for the latter, 
ribitol, arabit:il and xylitol are present in nature. In 
addition, aminosaccharide, aldonic acid, aldaric acid, etc. 
having five carbons are pentose derivatives as well and they 
can be prepared by a synthetic method, etc. 

Examples of the compound containing pentose are low- 
molecular compounds such as pentose phosphate, ribonucleoside 
and ribonucleotide and high-molecular r.omnonnds such as 
ribonucleic acid, arabinan and xylan. Esters, ethers, 
glycosides, etc. of pentose and salts thereof are the compounds 
containing pentose as well and they are prepared by a synthetic 
method, etc . 

Examples C'f the compound containing pentose derivative 
a re deoxypentose phosphate , deoxy ribonucleoside , 

deoxyribonucleot ide and deoxyribonucleic acid containing 
deoxypentose and riboflavin and ribitol teichoic acid 
containing pent itol . Esters, ethers, amides, glycosides, etc. 
o: pentose derivatives and salts thereof are the ccmc'C'Unds 
■lontainmg pentose derivatives as well and they are prep^ared 
by a synthetic method, etc. 

Ribonucle ic acid, ribonucleotide , r ibonucleo-s ide , 
aeoxyribcnucleic acid, dec^xyribcnu elect ide and 




phosphate, ribulose-5-phosphate and xylulose-5-phosphate are 
found in wide ranges of organisms as metabolic interm.ediates 
of pentose phosphate cycle. Plant gummy substances, mucilage, 
hemicellulose and bacterial polysaccharide contain arabinose 
and xylose and lyxoflavine in human heart muscle and a certain 
type of antibiotics are derivatives of lyxose. 

Pentose where a group capable of having a negative charge 
is bonded at 5-position and a compound containing pentose where 
a group capable of having a negative charge is bonded at 5- 
position are also included in the compound containing pentose 
used in the present invention. In the present invention, a 
group which is capable of having a negative charge may be any 
group so far as it has a negative charge in an aqueous solution 
under at least one condition of pH 1-13 and 0°C-200"C and its 
examples are phosphoric acid group and sulfuric acid group. 
Further, in the present specification, salts, esters and acid 
anhydrides thereof are included in a group capable of having 
a negative charge. However, although a carboxyl group is a 
group wnicn is able to have a negative charge, aldopentose 
having a carboxyl group at 5-position is uronic acid and, 
therefore, it is excluded from the com.pound containing pentose 
used in the present invention. 




substances having an apoptosis-inducing ability, for example 
substances which produce 4, 5-dihydroxy-2-cyclopenten-l-one, 
are included in the compound containing pentose of the present 
invention. Thus, when 4 , 5-dihydroxy-2-cycloperiten"l-one for 
example is produced by a heating treatment, there is no 
limitation for the type of the pentose and for the type of the 
group capable of having a negative charge. Examples of the 
pentose where a group capable of having a negative charge is 
bonded at 5-position are rioose-S-phosphate and ribose-5- 
sulfate. 

There is no particular limitation for the compound 
ci^ntaining pentose where a group capable of having a negative 
cnarge is bonded at 5-pcsition and its examples are ribonucleic 
acid, ribonucleotide and r ibonucleos ide as well as degraded 
products thereof, derivatives of the degraded produces and 
salts of the degraded products which are tne products prepared 
by chemical, enzymatic or physical treatment thereof can be 
u .= ed , 

In the present :^ven*:i':n, mere- is no l:.mi::ati.on at all 
for the type of the above pentose, pentose derivative, sompouni 
containing pentose and coimpound contaoning pentose derivative 
so far as a substance having an apC'ptC'Sis-inducing ability is 




microorganisms, manufactured by a fermentation method, 
synthesized by a chemicai means, etc. and a product by any of 
the manufacturing means can be used in the present invention 
so far as a substance which has an apoptosis-inducing ability 
is formed by a heating treatment. 

In the present invention, a substance which contains 
pentose, pentose derivative, compound containing pentose 
and/or compound containing pentose derivative may be used as 
well. Tissues of animals and plants and cells of animals, 
plants and microorganisms contain various types of pentose, 
pentose derivative, compound containing pentose and compound 
containing pentose derivative and, therefore, they may be used 
in the present invention as they are. Incidentally, in the 
present invention, compounds containing uronic acid and/or 
uronic acid derivative are excluded from the compound 
containing pentose and/or pentose derivative. Uronic acid 
derivative means uronic acid lactone, uronic acid ester, uronic 
a r. i d am^ i de , uronic acid sale, etc. 

I:i tne present inveneic^n, t:here is no O'artic^lar 
limitation fo^r the m.ethod c-f the heating treatment in the 
manufacture of the substance having an apoptosis-inducing 
ability so far as it is under tne condition wherec^y a heat- 




uronic acid derivative and a compound containing uronic acid 
and/or uronic acid derivative) rs heated at 30-400"'C for from 
a few seconds to a few days or, preferably, at 50-200'C for from 
a few seconds to 24 hours whereupon a heat-treated product 
having an apoptosis-inducing ability can be obtained. In the 
heat-treated product, two or more substances having an 
apoptosis-inducrng ability are produced and, depending upon the 
object, the heat treating conditions such as pH, time, 
temperature and concentration of materials may be modified 
whereupon a heat-treated product having an apoptosis-inducing 
ability containing a desired substance can be prepared. 

For example, when ribose or ribose-5-phosphate are used, 
a heat-treated product containing 4 , 5-dihydroxy-2- 
cyclopenten-l-one can be obtained by heating, for examiple, at 

80-150*^0 for a few minutes to a few days. 

As hereunder, the heat-treated product of the compound 
selected from the above (a) to (d) having an apoptosis-inducing 

ability will be just referred to as a heat-treated orc'duct -^i f 
tr^e present inverition. 

Tnere is no particular limiitation for the concent rat ic-n 
of the material upon heating provided that the concentration 
is within such a range that the substance having an 




treatment in the present invention may be either wet heating 
or dry heating. In the case of a wet heating, any of wet heating 
methods such as heating with steam, heating with steam under 
high pressure, heating under high pressure, etc. may be used 
while, in the case of a dry heating, any of dry heating methods 
such as a direct heating using dry and hot air and an indirect 
heating from a heat source through a partition may be used. 
Examples of the direct heating are a dry heating by an air stream 
and a dry heating by means of spraying while those of the indirect 
heating are a dry heating by means of a drum, etc. In addition, 
the material for the substance having an apoptosis-inducing 
ability of the present invention may be treated by any of common 
heating methods such as boiling, toasting, roasting, decocting, 
steaming, frizzling, frying, and the like. 

The substance having an apoptosis-inducing ability of 
the present invention can be purified using an apoptosis- 
inducing action as an index . As for the purifying means , 
conventionally k n w n p u r .L f y i n g m.e a n s such as c h em. i c a 1 m.e t h j d 
and physical me thod can be used. 

For exampl e , when ribose is used and its 2M aqueous 
solution is heated at 121°C for 14 hours, 4 , 5 -dihy dr oxy-2 - 
cy c lopent en- 1 -one is produced in the heat-treated product. 




column chromatography, the elated 4 , 5-dihydroxy-2 - 
cyclopenten-l-one fraction is concentrated, then 4,5- 
dihydroxy-2-cyclopenten-l-one is extracted from the 
c>i)ncentrate with c hloroform, and the concentrated extract is 
subjected to a normal phase cc^lumn chromatography whereupon 
4, 5-dihydroxy-2-cyclopenten-l-one in the heat-treated product 
of the present invention is isolated. 

When the above heat-treated product of ribose is 
subjected to a treatment with a column of ion exchange resin 
or, preferably, a columm of anionic ion exchange resin and the 
non-adsorbing fractions are collected whereupon 4,5- 
dihydroxy- 2 -cyclopenten-l-one is pur i fled . Alternat ively , 
the above heat-treated product of ribose is treated with a 
column of activated charcoal, non-adsorbing fractions are 
removed and the column is washed and eluted with a hydrophilic 
organic solvent such as an aqueous solution of ethanol, 
preferably a 40% or higher aqueous solution of ethanol, to give 
pure 4, 5-dihydrcxy-2-cyclopenLen-l-one . Wl;en those m.ethcds 
are combined, ^)ure 4 , 5 -dih ydr cxy-2 -eye 1 C)pent:en- 1 -c ne of 
higher purity can be otttained. 

By the use of the samte p^urifying means, it rs possible 
to obtain a compound selected from. 4 , 5-dihydroxy-2-p'entenal , 




product of the present invention. 

Incidentally, the pure product and the partially pure 
p-rDduct which are purified by such purifying means are alsr 
in::iuded in the substance having an apoptosis-inducing aoility 
of the present invention. 

The present inventors have found that trans-4,5- 
dihy droxy-2-cyclopentenal mentioned in Biochemistry, 35, 
659-665 (1996) and analogs thereof are contained in the 
heat-treated product of the present invention and have found 
that those compounds show an anticancer action, an 
apoptosis-inducing action, etc. 

The present inventors have also succeeded rn isolating 
4-hy iroxy-2-cyclopenten-l-one, 4-(9-adeninyl)-2- 
cycl Dpenten-l-one, 4- (9-guaninyl) -2-cyclopenten-l-one, 1, 5- 
epDxy- l-hydroxy-3-penten-2-one and 4, 5-dihydroxy-2 - 

cy 3l openten-l-one from the heat-treated product of the present 
invention. They have further found that 2- ( trans-3, 4 - 
; 11 n y :i r c; X y - - c u t e n y _ ; - 4 - ( t r a n s - 2 - f o r m y 1 v i n y 1 ) - 1 , 3 - d i o x C' 1 a n r- 
... s p r G d i; r e .'i f r c rr 4 , 5 — d i h y d r c- x y — 2 — C' c n ti e n a 1 and succeeded 
isolating it. They have furthermore found that 4-hydroxy- 
2-cyclopenten-l-one reacts with an SH-containing compound ^o 
give a compound represented by the formula [I] and succeedec 




inducing activity . 

Acccrdincly, when a comcound selected from 4,5- 
dihydroxy-2-pentenal , 4 -hydroxy-2 -cycl openten- 1 -one , 4 - ( ?- 
adeniny 1 ) -2 -cyclopent en- 1 -one , 4-(9-guaninyl;-i" 
cyclopenten-l-cne , 2- (3, 4 -dihydrcxy- 1 -but eny 1 ) -4- (i- 

f ormylvinyl ) -1, 3-dioxolane, 1, 5-epoxy-l-hydroxy-3-penten-2- 
one and a compound represented by the formula [I] (hereinafter, 
referred to the ccmpound of the present invention) is used as 
an effective component, it is now possible to offer a 
pharmaceutical agent for the therapy or the prevention of a 
diseases which shows a sensitivity to the compound of the 
present invention such as cancerous disease, disease requiring 
the apoptosis induction, disease requiring the suppression of 
the active oxygen production, disease requiring the induc"cion 
of production of human insulin-like growth factor, disease 
requiring the induction of heat shock protein production, etc. 

When a compound which is selected from the heat-treated 
product :^f one rreseno invention or ::ne corrpound of the present 
1 n 'J e n 1 1 c n is used as an e f i e 'C 1 1 ^/ e c c rr. p c- n e n t and is made i n t o 
a pharmaceutical preparation by compounding with known 
pharmaceutical carriers, it is now possible to prepare an 
apoptosis inducer. Generally, a compound which is selected 




necessary, solvent, dispersing agent, emulsifier, buffer, 
stabilizer, filler, binder, disintegrating agent, lubricant, 
etc. are added thereto to give an apoptosis inducer which may 
be in solid such as tablets, granules, diluted powders, powders, 
capsules, etc. ^r in liquid such as solutions, suspensions, 
emulsions, etc. Further, thi s may be in a dry preparation which 
can be made into liquid by adding an appropriate carrier before 
use . 

The apoptosis inducer of the present invention can be 
administered either orally or parenterally by, for example, 
injection or intravenous drip infusion. 

The pharmaceutical carrier may be selected depending upon 
the above-mentioned m.ode of the administration and form of the 
preparation. In the case of oral preparations, starch, lactose, 
sugar, mannitol, carboxymethyl cellulose, corn starch, 
inorganic salts, etc. may be used. In the m.anufacture of oral 
preparations, binders, disintegrating agents, surface-active 
agents, lubricants, fluidity pr omO't e r s , taste-correctives, 
coloring aqen::s, flavors, e::c. may be furnher compc^undcd 
therewith . 

On the other hand, in the case of parenteral preparations, 

they may be creparea by common methods where a compound which 




suspended in a diluent such as distilled water for injection, 
physiological saline solution, aqueous solution of glucose, 
vegetable oil for injection, sesame oil, peanut oil, soybean 
oil, corn oil, propylene glycol, polyethylene glycol, etc. 
followed, if necessary, by adding bactericides, stabilizers, 
isotonic agents, analgesics, etc. thereto. 

The apoptosis inducer which contains a compound which 
is selected from the heat-treated product of the present 
invention or the compound of the present invention is 
administered by an appropriate route depending upon the form 
of the preparation. There is no particular limitation for the 
method of administration as well and it may be administered by 
means of oral use, external use and injection. Injection 
preparations are administered, for example, intravenously, 
intramuscularly, subcutaneously , int racutaneously , etc. while 
preparations for external use include suppositories, etc. 

Dose as an apoptosis inducer which contains the 
heat-treated produce of the presenc :.nvent:ion as an effeccive 
c Dmp 3 n e n t is a p p r o p r i a *i 1 y decided by its form of preparation, 
m.ethod of administration, purpose of use and age, body weight 
and symptom of the patient to be treated and it is not constant 
but, usually, the amount of tne effective com.ponent contained 




may be sufficient in some cases while, in other cases, the dose 
more than above may be necessary. The pharmaceutical agent of 
the present invention can be directly administered orally and, 
in addition, it can be added to any food and beverage so that 
the agent can be taken on a routine basis. 

Dose as an apoptosis inducer which contains the compound 
selected from the com.pound of the present invention as an 
effective component is appropriately decided by its form of 
preparation, method of administration, purpose of use and age, 
body weight and symptom of the patient to be treated and it 
is not constant but , usually, the amount of the effective 
component contained in the preparation is from 0 . 01 to 50 mg, 
preferably 0 . 1 to 10 mg per day (for adults) . Of course, the 
dose may vary depending upon various conditions and, therefore, 
the dose less than above may be sufficient in some cases while, 
in other cases, the dose more than above may be necessary. The 
pharmaceutical agent of the present invention can be directly 
administered orally and, in addition, it can be added to any 
fjod and beverage so that the agent can be taken on a rc^utine 
basis. 

The heat-treated product of the present invention i^r the 
c jrc.p ound of the present invention has an accept os i s - inducin g 




invention or the compound of the present invention is used as 
an effective component. Thus, when a heat-treated product of 
the present invention or the compound of the present invention 
is used as an effective component and is made into a preparation 
by combining with the known pharmaceutical carrier, an 
anticancer agent can be manufactured. Manufacture of the 
anticancer agent can be carried out by a method similar to that 
mentioned already . 

The anticancer agent can be administered either orally 
or parenterally by, for example, injection or intravenous drip 
infusion . 

The pharmaceutical carrier may be selected depending upon 
the above-mentioned mode of the administration and form of the 
preparation, and may be used by the same manner as in the case 
of the above-mentioned apoptosis inducer. 

The anticancer agent is administered by an appropriate 
route depending upon the form of the preparation. There is no 
particular limitation for the method of adminis t rat ic^n as well 
and it may he administered by means of oral use, external use 
and injection. Injection preparations are administered, for 
example , intravenously , intramuscularly, subcutaneous ly, 
int racutane Dusly , etc. while preparations for external use 




component is appropriately decided by its form of preparation, 
method of administration, purpose of use and age, body weight 
and symptom jf the patient to be treated and it is not constant 
but, usually, the amount of the heat-treated product of the 
present invention contained in the prepiaration is from 1 to 1000 
mg, preferably 10 to 200 mg per day (for adults) . Of course, 
the dose may vary depending upon variC'US conditions and, 
therefore, the dc-se less than above may be sufficient in some 
cases while, in other cases, the dose more than above may be 
necessary. The pharmaceutical agent of the present invention 
can be directly administered orally and, rn addition, rt can 
be added to any food and beverage so that the agent can be taken 
on a routine basis. 

Dose as an anticancer agent which contains the compound 
selected from the compound of the present invention as an 
effective component is appropriately decided by its form of 
preparation, method of adm.inistration, purpose of use and age, 
c d y weight and s ymp torn, c f the p a t i e n o to be treat e d a n c i t 
15 not constant but, usually, the amc'unt of the effective 
ccimponent cc-ntained in the preparatic-n is from 0.01 to 50 mg, 
preferably 0.1 to 10 mg per day (for adults) . Of course, the 
dose may vary depending upon various conditions and, therefc^re, 




administered orally and, in addition, it can be added to any 
food and beverage so that the agent can be taken on a routine 
basis . 

Rheumatism is an autoimmune disease where hindrance 
takes place in perisoteal cells and cartilage cells. The 
heat-treated product of the present invention or the compound 
of the present invention has an apoptosis-inducing action to 
synovial cells. Accordingly, an antirheumatic agent can be 
manufactured where a heat-treated product of the present 
invention or the compound of the present invention is used as 
an effective component. Thus, when a heat-treated product of 
the present inventic^n or the compound of the present invention 
is used as an effective component and is made into a preparation 
by combining with the known pharmaceutical carrier, an 
antirheumatic agent can be manufactured. Manufacture of the 
antirheumatic agent can be carried out by a method similar to 
that mentioned already. 

The ant irneumat ic agent can be administereo either c^rally 
or parenterally by, for example, iM]ectic:n or int raver:ou^- di ip 
i n f u s i O' n . 

The p'harmaceu t ical carrier m.ay be selected depending upon 
the above-mentioned mode of the administration and form cf the 




appropriate route depending upon the form of the preparation. 
There is no particular limitation for the method c^f 
administration as well and it may be administered by means C'f 
c-ral use, external use and injection. Injection preparat ic'ns 
are administered, for example, intravenously, intramuscularly, 
sub cutaneous ly , intracutaneously, etc. while preparations for 
external use include suppositories, etc. 

Dose as an antirheumatic agent which contains the 
heat-treated product of the present invention as an effective 
component is appropriately decided by its form of preparation, 
method of administration, purpose of use and age, body weight 
and symptom of the patrent to be treated and it is not constant 
but, usually, the amount of the heat-treated product of the 
present invention contained in the preparation is from 1 to 1000 
mg, preferably 10 to 200 mg per day (for adults) . Of course, 
the dose may vary depending upon variC'US conditions and, 
therefore, the dose less than above may be sufficient in some 
::a3e3 while, m other cases, the dose more than abi've may oe 
neiessary. The pha rmaceu o i ca _ agent of the present inventi:)n 
2an be directly adm.inis tered orally and, m additi:>n, it z^n 
oe added to any food and beverage so that the agent can be taken 
:'n a routine basis. 




of preparation, method of administration, purpose of use and 
age, body weight and sym.ptom of the patient to he treated ami 
it is not constant but, usually, the amount of the effective 
component contained in the preparation is from 0.01 to 50 mg, 
preferably 0.1 to 10 mg per day (for adults) . Of course, the 
dose may vary depending upon various conditions and, therefore, 
tne dose less than above may be sufficient in some cases while, 
in other cases, the dose more than above may be necessary. The 
pharmaceutical agent of the present invention can be directly 
administered orally and, in addition, it can be added to any 
food and beverage so ohat the agent can be taken on a routine 
basis. 

Human insulin growth factor (hereinafter, referred to 
as hIGF-1) has variegated physiological actions to various 
cells and has been used as a therapeutic agent for diabetes 
mellitus of type II (non-insulin dependent) and for failure to 
thrive (dwarfism) . A heat-treated product of the present 
-Liiventicn or the compciund cf zhe presen:: invention has an ac::ion 
o *" i n d u r o ^ h -'^ ^•-^ ^ ^r-,- ^ ^ ^ ■ ^ - _ _ _ ^ _ ■ i _ ^ - n 

p-roduction inducer can be manufactured where a heat-treated 
p^roduct of the present invention or the compound of the present 
i riven ticn :ls used as an effective comp-onent , Thus , when a 




pharma::euticai carrier, a hIGF-1 production inducer can be 
manufactured. Manufacture of the hIGF-1 production inducer 
can t-e carried out by a method similar to that mentioned already. 
A hIGF-1 production inducer can be used as a therapeutic and 
preventive agent for disease requiring the induction of hIGF-1 
production and for diabetes mellitus of type II and also a 
therapeutic agent for dwarfism. 

The hIGF-1 production inducer can be administered either 
orally or parenterally by, for example, injection or intravenous 
drip infusion. 

The pharmaceutical carrier may be selected depending upon 
the above-mentioned mode of the administration and form of zhe 
preparation, and may be used by the same manner as in the case 
of the above-mentioned apoptosis inducer. 

The hIGF-1 production inducer is administered by an 
appropriate route depending upon the form of the preparation. 
There is no particular limitation for the method of 
administration as v;ell ana it may be administered by means zi 
oral use, external use ano infection. Infection preparations 
are administered, for example, intravenously, intramuscularly, 
subcutaneously , int racut aneous ly , etc. while preparations fc-r 
external use include suppositories, etc. 




rr.ethod jf administration, purpose of use and age, body weight 
and symptom of the patient to be treated and it is not constant 
but, usually, the amC'Unt of the heat-treated product of the 
present invention contained in the preparation is from 1 to 1000 
mg, preferably 10 to 200 mg per day (for adults) . Of course, 
the dose may vary depending upon various conditions and, 
therefore, the dose less than above may be sufficient in some 
cases while, in other cases, the dose more than above may be 
necessary. The pharmaceutical agent of the present invention 
can be directly administered orally and, in addition, it can 
be added to any food and beverage so that the agent can be taken 
on a routine basis. 

Dose as a hIGF-1 production inducer which contains the 
compound selected from the compound of the present invention 
as an effective component is appropriately decided by its form 
of preparation, method of administration, purpose of use and 
age, body weight and symptom of the patient to be treated and 
it i^ not ccnsoant out, usually, tne amouno of the effective 
oimponent contained m the preparation is froo; 0.01 to 50 mg, 
preferably 0.1 to 10^ mg per day (for adults). Of course, the 
dO'Se may vary depending upon various conditions and, therefore, 
the Qose less than above m.ay be sufficient in some cases while, 




food and beverage sc that the agent can be taken on a routine 
bas is . 

The heat-treated product of the present invention or the 
compound of the present invention has an action of suppressing: 
the active oxygen pr^duotion and it is possible to manufacture 
a suppressor of active oxygen production where the heat-treated 
product of the present invention c^r the compound of the present 
invention is an effective component and said suppressor can be 
administered by a metho d cor resp rending to the disease which 
requires suppression of active c^xygen production. 

Thus, the heat-treated product of the present invention 
or the comipound of the present invention is useful in 
suppressing the active oxygen production and an antiC'Xidant 
such as a suppressor of the active o^xygen production containing 
said compound as an effective component is useful as a therapy 
or a prevention of diseases caused by production and/or overflow 
o f ai::t ive oxygen . 

Act:.ve oxygen may oe rough!'/ classified into radios i ano 
ncci-radica 1 on-es. r^xaircles active oxygen of a radical typi 
are hydroxy radical, hydroxy^ e r^oxy radical, peroxy radical, 
ai:'<:oxy radical, nitro^gen dioxide, nitrogen mo^nixide 
;hereinaf ter, referred ti as Nin , chiyl radical and superiKioe 




relate to many diseases such as various inflammatory diseases, 
diabetes mellitus, cancer, arteriosclerosis, nervous diseases 
and ischemia-reper fusion injury. 

For example, NO is a main factor of endot he 1 ium-dependent 
relaxing factor (EDRF) [Nature, volume 327, pages 524-526 
(1987)]. The present invention offers a therapeutic or 
preventive agent for the diseases requiring the suppression of 
NO prc'duct ion . 

There is no particular limitation for the diseases which 
require the suppression of NO production and the examples 
thereof are systemic hypotension caused by toxic shock or by 
therapy of certain cytokine, lowering in blood pressure 
response, autoimmune diseases, inf lamimation, arthritis, 
rheumatic arthritis, diabetes mellitus, inflammatory 
intestine diseases, insufficiency of blood vessel function, 
etiiilogical dilation of blood vessel, damage of tissues, 
cardic'vascular ischem.ia, sensitivity tc^ pain, cerebral 
iscn-^'iria, diseastss caused z^y angrcgenesis, cancer, etc. Tne 
IS eises include tncse v;h:. cn are mentior.ed m the lapaneie 
Laid-'jpen Patent Publ icat i-ms Hei-09/5u4 , 524 ; 09/ 505 , 23 3; 
:)3/5:i, 069; 08/512,318; and 06/503, 84 9. A suppressor of tne 
active oxygen production is useful for tnerapy and prevention 




administered either orally or parenterally by, for example, 
injection or intravenous o<ri]:' infusion. 

The pharmaceutical carrier may be selected depending upon 
the above-mentioned mode of the administration and form of the 
preparation, and may be used by the same manner as in the case 
of the ab:jve-ment ic-ned apc-ptosis inducer. 

The suppressor of the active oxygen production is 
administered by an appropriate route depending upon the form 
of the preparation. Tnere is no particular limitation for the 
method of administration as well and it may be administered by 
means of oral use, external use and injection. Injection 
preparations are administered, for example, intravenously, 
intramuscularly, subcutaneous ly, int racutaneously , etc. while 
preparations for external use include suppositories, etc. 

Dose as a suppressor of the active oxygen production 
which contains the heat-treated product of the present 
invention as an effective component is appropriately decided 
by its fcrrr. of preparation, method of administration, purpose 
ot use and age, body weight and symptom of tne patient to oe 
treated and it is not constant but, usually, the amount of tne 
heat-treated product of the present invention co^ntained in the 
preparaticn is from 1 to 1030 mg, preferably 10 to 200 mg per 




than above may be necessary. The pharmaceutical agent of the 
present invention can be directly administered orally and, in 
addition, it can be added to any fo^d and beverage so that the 
agent can be taken on a routine basis . 

Dose as a suppressor of the active oxygen production 
which contains the compound selected from the compound of the 
present invention as an effective component is appropriately 
decided by its form of preparation, method of administration, 
purpose of use and age, body weight and symptom of the patient 
to be treated and it is not constant but, usually, the amount 
of the effective component contained in the preparation is from 
C.Ol to 50 mg, preferably 0.1 to 10 mg per day (for adults). 
Of course, the dc'se m.ay vary depending upon various conditions 
and, therefore, the dose less than above may be sufficient in 
scime cases while, in other cases, the dose more than above may 
be necessary. The pharmaceutical agent of the present 
invention can be directly administered orally and, in addition, 
i: can te added tC' any food and ic^everage so that tne agent can 
be taken on a routine basis. 

The heat-treated product of the present invention or the 
cjm.pcund of the present invention has an action of inducing the 
neat sr.ock p^rotein proauction and it is possible to manufacture 




administered by a method corresponding to the disease which 
requires the rnduction of heat shock protein. 

Accordingly, the heat-treated product of the present 
invention or the comp'Ound of the present invention has an 
inducing activity of heat shock prz'tein 70 kDa (HSP70), etc. 
and has an antiviral activity to RNA virus and DNA virus such 
as hepatitis virus, AIDS virus, influenza virus, vesicular 
stomatitis virus and herpesvirus. Heat shock protein 
participates in cancer immunity and tnose compounds are 
effective to cancer immunity as well. Further, the compounds 
has biodefense activity such as anti-inflammation activity. 
When the heat-treated product of the present invention or the 
compound of the present invention is taken, viral diseases such 
as cold by influenza can be prevented and cured . 

Incidentally, heat shock protein is a general name for 
the protein whose synthesis is induced when cell or individual 
is subjected to a sudden temperature change which is higher than 
n::;rmai temperature tc in extent of arouno o~lG^C and it widely 
exists in prokaryotes and high eukaryotes. Examp'les of known 
heat she ck protein are HSP90 , HSP70, ub iqui t in and HS P2 6 . Among 
them, HSP70 is a kind of molecular chaperone and is bonded to 
protein where folding is not coTipleted or is i ncom.p let e ly dc>ne 





protein of Escherichia c^li. In human being^ there are about 
ten HSP70 genes and some of them are expressed constitutionally 
while other are induced by various stimulations. Besides the 
heat shock, synthesis of heat shock protein is induced by 
various chemical substances and by cellular hindrance such as 
oxidation . 

The inducer of the heat shock protein can be administered 
either orally or parenterally by, for example, injection or 
intravenous drip infusion. 

The pharmaceutical carrier may be selected depending upon 
the above-ment leaned mode of the administration and form of the 
preparation, an:l may be used by the same manner as in the case 
of the above-mentioned apoptosis inducer. 

The inducer of the heat shock prooein is adm.inis tered 
by an appropriate route depending upon the form of tne 
preparation. There is nc^ particular limitation for the method 
of administration as well and it may be administered by means 
- f oral s e , e x e r n a .^^ use and i n j e c t: i o n . I r: ^ e c ti i o n 



inoram.us 3ularly , subcut aneously , int racut aneous ly , etc. while 
preparations for external use include suppositories, etc. 
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b'Ody weight and symptom of the patient to be treated and it 
is not constant but, usually^ the amount of the heat-treated 
product for apoptcisis-inaucing contained in the preparation is 
from 1 t O' 1000 mg, preferably 10 to 200 mg per day (for adults) . 
Of course, the dose may vary depending upon various conditions 
and, therefore, the dose less than above may be sufficient in 
sc'me cases whrle, in other cases, the dose more than above may 
be necessary. The pharmaceutical agent of the present 
invention can be directly administered orally and, in addition, 
it can be added to any food and beverage so that the agent can 
be taken on a routine basis. 

Dose as an inducer of the heat shock protein which 
contains the compc^und selected from the compound of the present 
invention as an effective component is appropriately decided 
by its form of preparation, method of administration, purpose 
C'f use and age, oody weight and symptom of the patient to be 
treated and it is not constant but, usually, the amount of zhe 
eftectiive component oonldined ir. :,ne prepararion is from 0.01 

Che dcse m^ay vary depending upc^n vari<3us conditions and, 
oherefore, the dose less than above may be sufficient in some 
cases wnrle, m other cases, the oose m.ore than above m.ay be 




on a routine basis . 

A compound which is selected from the heat-treated 
product of the present invention and/or a partially purified 
product thereof or the compound of the present invention may 
be used as a material for apoptosis-inducing food /beverage, 
carci no static food /beverage , antirheumatic food /beverage, 
hIGF-1 production inducing food/beverage, active oxygen 
production suppressing food/beverage or heat shock protein 
inducing food /beverage . 

Food or beverage where a compound which is selected from 
the heat-treated product of the present invention and/or a 
partially purified product thereof or the compound of the 
present invention are/is contained therein, diluted therewith 
and/or added thereto is sufficient if said food or beverage 
contains an amount that is necessary for expressing the 
physiological action of a compound which is selected from the 
heat-treated product of the present invention and /or a 
parcially purified product theroDf or the compound of tne 
present invent ion . 

There is no particular limitation for the method of 
manufacturing the food or beverage .-f the present invention such 
as apoptos is-inducing food, ap :pt os i s - i n ducing beverage , 




be used so far as an effective amount of the compound selected 
from the heat-treated product and/ or partially purified product 
thereof or the compound of the present invention having 
apopt Dsis-inducing action, anticancer action, etc. is 
contained in, diluted with and/or added to the manufactured food 
or beverage are/is contained therein, diluted therewith and/or 
added thereto. 

The partially purified product of the heat-treated 
product of the present invention is obtained by purification 
of the heat-treated product of the present invention where there 
is no limitation for it so far as it has an apopt osis-inducing 
ability and there is no particular limitation for it provided 
that it is a product obtained by a usual method in a purifying 
step of food and beverage materials. 

For such food and beverage, there is no particular 
limiitation for its shape SC' far as an effective amount of the 
compound selected from the heat-treated product and/or 
P'artially purified product rherecf or the com.pouna of one 
present invention having apop t c^s i s - i nduc ing actic;n, 
anticancer action, etr. are./is contained therein, diluted 
therewith and/or added thereto and the said includes the shapes 
whicn can be C'lally administered sucn as tablets, granules. 




purified product thereof and the compcund of the present 
invention are/is adrr^.inistered to mice, no acute toxicity is 
noted. For example, there is no case c-f death by a single oral 
administration of each 100 mg/kg of 4 , 5-dihydroxy-2-pentenal 
and 4-hydroxy-2-cyclopenten-l-one. 

The pharmaceutical agent of the present invention is 
useful for keeping the homeostasis of living body. In addition, 
a method for the induction of apoptosis using the compound 
selected from the heat-treated product of the present invention 
and/or partially purified product thereof or the compound of 
the present invention as an effective component is useful in 
investigation of defense m.ecnanism. of organism, immune 
mechanism or the relation between cancer, viral diseases, etc. 
and living body, in development of apoptosis-inducing 
inhibitors , et c . 

When the heat-treated product of the present invention 
and/or a partially purified product are/is contained in food 
or beverage, it is possible to manufacture apop t C'S i s - i n iu r t ng 
food or beverage , oa r c r nos t a t i c f oc^d o r be v^^ ra go , ant i rho ima t i. o 
food or beverage, hlGF-1 productic^n inducing food or beverage, 
active C'xygen production suppressing food or beverage, c^r heat 
shock protein inducing food ir beverage. Fcod or oeverage 



effect, an antiviral effect, etc. by taking it and is food or 
beverage useful for maintaining the homeostasis, particularly 
rr.aintaining the health of stomach and intestine, of organism 
cue to various physiological activities of said heat-treated 
P'roduct and/or purified product thereof such as apopoosis- 
inducing action, anticancer action, antirheumatic action, 
hIGF-1 production inducing acti'On, active oxygen production 
suppressing action and heat shock protein inducing action. 

Incidentally, 4-hydroxy-2-cyclopenten-l-one may be 
prepared by a chem.ical synthetic method . Examples of the known 
synthet ic method are a method by N . Tanaka, etal. [Tetrahedron , 
32, 1713 (1976)], a method by M. Nara, etal. [Tetrahedron, 36, 
3161 (1980) ] and a method by M. Gill, et al. [Australian Journal 
of Chemistry^ 34, 2587 (1981)]. However, those methods are 
complicated consisting of many synthetic steps and the yields 
are low as well whereby they are not the methods having a high 
efficiency. In view of the above, the present inventors have 
f'j and that , when 4 - cycl opent en - 1 , 3-di :: ne is reduced wit h cerium 
::nloride ■HI) and soaium borohyuride, it is now possible t^ 
give 4 -hydroxy-2 -cyclopent en- 1 -one in a single step in a hign 
yield. Thus, the present invention offers an industrial method 
f jr the synthesis of 4 -hydroxy ~2 -cyclopenten- 1 -one . 




already-mentioned formula [I] (hereinafter, referred to as a 
thio derivative) is produced in the reaction solution. 

There is no limitation at all for the compound containing 
an SH group and its examples are me t hanethiol , but anetihiol , 
mercaptoethanol, amino acid containing an SH group and amino 
acid derivative containing an SH group. Examples of the amino 
acid containing an SH group are cysteine and homocysteine. 

Examples of the amino acid derivative containing an SH 
group are derivatives of the above-mient ioned amino acids such 
as cysteine derivatives, peptides containing cysteine and 
peptides containing cysteine derivatives. There is no 
particular limitation for the peptide containing cysteine so 
far as cysteine is a constituting component in the peptide. The 
peptide containing cysteine covers from low molecular 
substances such as oligopeptides (e.g. glutathione) to high 
m.olecular ones such as protein. Peptide containing cystine or 
hom.ocystine may also be used as the peptide containing cysteine 
or hom.ocys teine under the condioion where it gives peptide 
cysteine cr homocysteine during tne reaction such as by 
CDm.bining with a reducing treatment. Incidentally, the 
peptide containing cysteine covers that which contains 
saccharide, lipid, etc. as well. In addition, it m.ay be salt. 




compound containing an SH group forming a thi"' derivative. 

The uioans for purification and isolatic^n of the thio 
derivative or optically active substance thereof which is 
prepared by the reaction of 4-hydroxy-2-cyclopenten-l-one, 
optically active substance thereof and/or a salt thereof with 
a compound containing an SH group such as amino acid containing 
an SH group or a derivative thereof may be known purifying means 
such as chpmical method and physical method. Thus, 
conventionally known methods such as gel filtration, 
fractionation using a m.olecular weight fractionating membrane, 
extraction with solvent, fractional distillation and various 
chromatographic methods using ic'n exchange resin, etc. are 
combined whereby the compound of the present invention or an 
opt ical 1 y active substance thereof or a salt thereof can be 
purified and isolated. 

For example, when equimolar 4 -hydroxy-2 -cyclopenten- 
1-one and glutathione (reduced type) are made to react, the thio 
derivative represented by the fc^llowing formula ill] is form.eo 
in the reaction solution ana, as a resulo of silica gel ccluion 
::hromat o graphy of the reaction products ccntaining said 
derivative, said thio derivative can be purified and isolated. 




H2N-CHCH2CH2CONH-CH-CONHCH2COOH 

I 

CO OH 

Separation of the optically active ::iubstance of the thio 
derivative can be conducted by subjecting the racemic mixture 
to mechanical resolution, preferential crystallization, 
resolution by crystallization as diastereomer salts or as 
inclusion compounds, dynamic resolution using enzymes or 
microorganism, resolution by means of chromatography, etc. 

Gas chromatography, liquid chromatography, thin layer 
chromatography, etc. may be used in the case of a resolution by 
chromatography and a chiral stationary phase which is suitable 
for each C'f them may be used. 

A m.ethod using a chiral stationary phase, a m.ethc^d using 
a chiral eluate, separaticn as a dias tereom.er , etc. may be used 
in an optical resolution by liquid chromatography. 

A stationary phase of an amide type, that of a urea type, 




With regard tc an elating liquid, that of a hexane type, 
an alcohol type, an aqueous (buffer) type, etc. may be suitably 
used taking the combination with the above-mentioned stationary 
phase into consideration. 

With regard to the salt of the thio derivative or optically 
a::tive substance thereof which are acceptable as pharmaceutical 
agents are exemplified and they may be prepared by converting 
by means of known methods. 

The thio derivative, optically active substance thereof 
or a salt thereof has phys iolc^gical activities such as anticancer 
activity, the activity for suppressing the growth of cancer cells, 
apoptosis-inducing activity and due to these activities it is 
possible to offer the pharmaceutical agents containing the thio 
derivative, optically active substance thereof or a salt thereof 
as an effective component. 

EXAMPLES 

Tne present invention will be further illustirdied by w^y 
of Che following examc^les altncugh the preseno invention is never 
limited to those examples. Incidentally, " %" used in the 
examples stands for by weight". 




sc-lution of D- (-) -arabinr-se (manufactured by Wako Pure 
Chemical; 013-04572), a IM aqueous solution of xylose 
(manufactured by Nacalai Tesque; 367-19) and an aqueous 
solution of D-rlbose (sold by Nacalai Tesque; 302-10) were 5.3, 
4.9, 4.4 and 4.7, respectively. 

They were heated at 121 °C for four hours and their 
apoptosis-inducinq activity to human promyelocyt ic leukemia 
HL-60 was measured as follows. 

Heated and non-heated substances of each of them were 
sterilized by a membrane filter of 0.22|am to prepare samples 
for the apoptos is-inducing activity. Those samples were 
diluted with asept:ic distilled water to an extent of 2-, 4-, 
8-, 16- and 32-fold, their activity for suppressing the eel 1 
growth to the human pr omyelocy t ic leukemia HL-60 was measured 
as follows and their intensity of the apoptos is-inducing 
activity was compared. 

Thus, lOjul of each of the diluted solutions or 10\il of 
aseptic d i s t i 1 ^ e ci water were C) 1 a c e d L n a well of a 6 - w e 1 1 
mi croc Iter plate. Tnen 9 of an RPM2 164 0 medium 

(m.anuf actured by TJissui) ccntaining 11'-^ cf fetal bovine serum 
(m.anuf actured by Gibco) which contained 5000 HL-60 cells (ATCC 
CCL24C) were added thereto and an incuoatic'n was carried out 




solution containing 5 mg/ml of 3- (4, 5-dimethylthiazol-2- 
yl ) -2 , 5-diphenyltetrazolium bromide (MTT; manufactured by 
Sigma ) , an incubation was cont inuea for four hours more and 
state of growth of cells and formation of formazan produced in 
the cells were observed under a microscope. Further, 100)j.l of 
2-propanol containing 0.04N HCl were added thereto followed by 
well stirring and the absorbance at 590 nm was measured and used 
as a degree of growth of cells (an MTT method) . 

The result was that, in the sections to which non-heated 
aqueous solution of L ( + ) -arabinose , aqueous solution of D- 
(-) -arabinose, aqueous solution of D(+) -xylose and aqueous 
solution of D-ribose were added, there was no difference from 
the water-added section (a control) in terms of cell growth 
whereby no apoptos is-inducing activity was noted. On the 
contrary, in the sections where 4-, 4-, 8- and 16-fold diluted 
solutions of aqueous solution of L ( + ) -arabinose , aqueous 
solution of D (-) -arabinose, aqueous solution of D ( + ) -xylose and 
aqueous solut-Lon of li-ribose whicn were heated at 12 1'^^C for four 
h:jurs, deformation c.f cells was noted under a microscote and, 
since the absorbance at 590 nm decreased as compared with the 
water-added control, an activity of suppressing the growth of 
cancerous cells was nctea. 




{manufactured by Sigrr.a; D2751) and a 0 . IM aqueous solution of 
2-deC'xy-D-rihose were 4.7 and 5.4^ respectively . Apartofthe 
0 . IM aqueous solution of 2 -deoxy- D-r ibose was taken out and 
adjusted to pH 7.1 with IN NaOH. This was heated at IZl^'C for 
four hours and an apoptosis-mducing activity to HL-60 cells 
was measured by a method mentioned in Example 1 . Incidentally, 
the dilution ratios were made 2-, 4-, 3-, 16-, 32-, 54- and 
128-fold. 

The result was that, in the section where the non-heated 
aqueous solution of 2-deoxy-D-r ibose was added, there was no 
difference from the water-added control section in terms of cell 
growth whereby no apoptcisis-inducing activity was noted. On 
the other hand, suppression Df cell growth was noted in the 
sections where 128-, 16- and 16-fold diluted solutions of a IM 
aqueous solution of 2-deoxy-D-r :Lbose , a 0 . IM aqueous solution 
of 2 -deoxy-D- ribose (pH unad j usted) and a 0 . IM aqueous solution 
of 2-deoxy-D-ribose {pH7.1), respectively, heated at 12 l^'C for 
four nC'Urs were aodea. 

\2) The heat-creared prooucc at 121 C for four hours ot 
a IM aqueous solut:.on of 2-deoxy-D-ribose obtained in Example 
2-(l) was ser^arated by the following reversed phase HPLC. 
Am.ount of the samxle injected: 40|.il 



Mobile phase B: 80% aqueous solution of acetonitrile 
Flow rate: 0.8 ml/minute 

Elution: Mobile phase A (five minutes) linear 
concentration gradient from mobile phase A to B (20 minutes) 

mobile phase B (five minutes) 

Detection: absorbance at 215 nm 

Each of the fractions collected every two minutes was 
concentrated in vacuo and an apoptosis-inducing activity to 
HL-60 cells was measured by a method of Example 1. The result 
was that the fraction 4 (retention time: 6-8 minutes) showed 
a strong activity and the fraction 8 (retention time: 14-16 
minutes) showed a weak activity. 

(3) A reversed phase HPLC of Example 2- (2) was repeated 
to prepare a dry product of the fraction 4. Mass analysis of 
this sample was carried out using DX302 (manufactured by Nippon 
Denshi) . Further, this sample was dissolved in heavy dimethyl 
sulfoxide and a nuclear magnetic resonance spectrum was 
measured using JNM-A500 (manufactured by Nippon Denshi} . 
FAB-MS 

m/z 117 [M+H]^ 

In the above, glycerol was used as a matrix. 
^H-NMR 




d , J= 3.0 Hz, 1 -H ) 

In the above data, chemical shift of residual proton of 
heavy dimethyl sulfoxide was expressed as 2.49 ppm. 

Assignment numbers of the signals in 'H-NMR are as shown 
in the following formula [III]. 

As a result, the physical data for this sample were 
identical with those of trans-4 , 5-dihydroxy-2-pentanal and it 
has been clarified that this sample is trans-4 , 5-dihydroxy- 
2-pentenal represented by the following formula [III], 

This sam^ple showed strong apoptosis-inducing activity 
and cancer cell growth suppressing activity. 



H 

5 4 3 2 \ / 

HOH2 C-CH-CH = CH-C [iir 
OH O 



Exam.ple 3 . 

(1) Four kinds of 100 m.M deoxyribonuclec tide (dATP, dGTP, 

'? and dTT?' were heated at 1211Z for four hours. cOancer cell 




products of dATP and dGTP up ro the 16-foid diluted solutions 
and in a mediu.T. addeo with heat-treated products of dCTP and 
dTTP up to the 8-fold oiluted solutions, numbers of viable cells 
were significantly reduced as compared with the water-added 
case. In addition, in the observation under an optical 
microscope, aggregation of nuclei, reduction in size of the 
cells and form.ation of apoptic body were noted in the cultured 
eel 1 s to which the samples were added . Incidentally, such 
phenomena were not noted in the cultured cells to which 10|J,1 
of water were added (control) . 

(2) Aqueous solutions of five kinds of 
de ox y ribonucleotide ( deoxy adenos ine , deoxyguanos ine , 

deoxycytidine, deoxy thymidine and deoxyuridine ) were prepared 
and heated at 12l''C for four hours. Since solubility of each 
of them is different, concentrations of the aqueous solutions 
were 25mM for deoxyadenos ine , 25 rcN for deoxyguanosine , IM for 
deoxycytidine , 0 . 4M f or deoxythymidine and IM for deoxyuridine. 

The cancer cell growth c.uppressing activity of each of 
tne heaoed samples was measured by an l-:TT method menticnea in 
E^xample 1. The result was that viable cell numbers were 
significantly reduced in the media where up tc^ 2-fold diluted 
solution (1.25 M cased upon deoxy ribonucleics ide ) :>f heat- 




mM based upon decxyr ibonucleoside ) of heat-treated 
deoxycyt idine solution, up to 16-fold diluted solution (2.5 mM 
based upon deoxyribonucleoside ) of heat-treated 

deoxythym idine solution or up to 64-fold diluted solution (1.56 
mM based upon deoxyr ibc-nucleoside ) of heat-treated 
deoxyuridine solution was added as compared with the medium 
where only water was added. Further, in an observation under 
an optical microscope, aggreqation of nuclei, reduction in size 
of the cells and formation of apoptic body were confirmed in 
the cultured cells to which the sample was added. Incidentally, 
such phenomena were not noted in the cultured cells to which 

10|J.l of water were added (control). 

(3) Each of the heated solutions prepared in Example 
3- (2) was separated by means of an HPLC under the following 
conditions . 

Column: TSK gel ODS-80Ts (5|Lim) (20 mm 25 cm; 

manufactured by Tosoh) 

Mz'O'ile Pnase A: 0.1% aqueous solution of trifluorcaceric 
acid (TFA; 

Mobile Phase B: aqueous solution of 0.1% TEA/50% 
acetonitrile 

Flow Rate: 3 ml/minute 



1 




Detection: absorbance at 215 nm 

Each 1.5 Tv.l of the heated solutions prepared in Example 
3- (2) were subjected to an HPLC and fractionated every one 
minute and each fraction was concentrated, evaporated to 
dryness, re-dissolved in water and subjected to an MTT method 
mentioned in Example 1 whereupon an apoptosis-inducing activity 
was confirmed at the peaks of near 15-16 minutes and near 25-28 
m.inutes in all of the heated solution samples. 

(4) Comparison of the substance having a peak of near 
15-16 minutes mentioned in Example 3- (3) with trans-4,5- 
dihydroxy-2-pentenal which was isolated and analyzed its 
structure already m Example 2- (3) was carried out by means of 
an HPLC under the following conditions. 

Column: TSK gel ODS-80Ts (5)am), 4.6 >■ 250 mm 
Mobile Phase A: 0.1% aqueous solution of TEA 
Mobile Phase B: aqueous solution of 0.1% TFA/50% 
acetonit rile 

Flow F. a t e : 1 mi 1 / m i n u t e 

Elutmg CC'naitrc'n: ['lobiie phase A 100^ for ten minutes 
from mobile phase A 100-i to mobile phase B 100% during ten 
minutes mobile phase 10:j% for ten minutes 
Detection: absorbance at 215 nm^ 



Further, structural analysis of active substances near 
15-16 minutes of each of the heated products was carried out 
by nuclear magnetic resonance (^H-NMR) . As a result, the active 
substance near 15-16 minutes was identified as trans-4,5- 
dihydroxy-2-pentenal . 

Example 4 . 

(1) The pH of an aqueous solution (0.25 mg/ml) of sodium 
salt of deoxyribonucleic acid (DNA) (manufactured by Wako Pure 
Chemical; 047-22491) was 8.9. A part of it was taken out and 
adjusted to pH 7.3 with IN HCl. This was heated at 121°C for 
four hours and the cell growth suppressing activity to HL-60 
cells was measured by a method of Example 1. Incidentally, 
diluting ratios were 2-, 4-, 8-, 16- and 32-fold. 

The result was that, in the sections where 8- and 
16-diluted solutions of heat-treated (at 121°C for four hours) 
aqueous solution of sodium salt of DNA (pH unadjusted) and 
aqueous soluticn of sodium salt of DNA (pH 7.3) were added, the 
absorbance at 5 90 nm were reduced as compiarec. with tne control 
where only water was added. Thus, a cell growth suppressing 
activity was noted. 

(2) A 10 w/v % aqueous solution of sodium salt of DNA 




in a 9:1 mixture of chloroform and methanol. 

Silica gel for a column chromatography (manufactured by 
Fuji Silicia p:agaku; BW-3G0SP) (about 250 cm.^) was equilibrated 
with a 9:1 mixture of chloroform and methanol and charged in 
a column of 25 cm diameter 60 cm height and the above-prepared 
solution was subjected to a chromatography with a 9:1 mixture 
of chloroform and methanol under a pressure of 0.25 P'gf/cm*^ 
followed by fractionating every about 8 ml. 

The solvent of the fraction was appropriately evaporated 
to substitute with a 50% aqueous solution of ethanol and the 
activity for suppressing the growth of cancer cells was measured 
by an MTT method mentioned in Example 1 except that the sample 
was diluted to a twC'-fold series using a 50% aqueous solution 
of ethanol and 2|al of each of the diluted solutions or 2)ul of 
a 50% aqueous solution of ethanol were placed in a well of a 
flat-bottom 96-well microplate. Time for incubation was 16 
hours . 

The resui t was tna:. , m the iricucatea cells where cne 
I" rac 1 1 'jns 65-8 1 or 1 7 wer-E- added, numbers of viable cells were 
significantly reduced as compared v;ith tne case where a 50% 
agueous solution of ethanol was added. Further, in an 
observation under an C'ptiral microscc^pe, aggregation of nuclei, 




incubated cells where 2|.il of a 50% aqueous solution of ethanc'l 
were added (control) . 

(3) Fractions 65-&1 were subjected to a thin layer 
chromatography and to a reversed phase HLPC and cancer cell 
■growth suppressing activity and apoptic body formation were 
measured by an MTT method mentioned in Example 1 whereupon 
cancer cell growth suppressing activity and apoptic body 

In the thin layer chromatography, Silica gel 6OF254 
(manufactured by Kerck; 1.05554) was used and developed by a 
9:1 mixture of chloroform and methanol and detection was 
conducted by an orcinol-sulf ur ic acid colc'ring reagent. 

In the reversed phase HPLC analysis, TSK gel ODS-80 Ts 
column (4.6 250 mm; manufactured by Tosoh) was used and, 
after eluting with water for five minutes at a flow rate of 0.8 
m.l/minute, elution to a 80% aqueous solution of acetonitrile 
by means of a concentration gradient for 20 minutes was 
cc^nducted and detection was carried out by measuring an 
absorbance at 2C6 nm. . 

The active substance of the above fractions 65-^1 
corresponded to a substance having a spot at Rf 0.42 in the thin 




therefrom in vacuo. 

The active component was further collected and purified 
by means of a reversed phase HPLC. TSK gel ODS-80 Ts (20 mm 
diameter X 250 mm height; manufactured by Tosoh) was used as 
a column and eluted with water at a flow rate C'f 6.5 ml/minutes 
and detection was conducted by an absorbance at 206 nm. Each 
of the peaks was fractionated and concentrated in vacuo, 
activity thereof was measured by the above-mentioned MTT method 
and the peaks where the activity was noted were dissolved in 
heavy water and heavy dimethyl sulfoxide followed by subjecting 
to analysis by means of nuclear magnetic resonance spectrum. 

The results are as given below . 

^H-NMR 

6 2.38 (IH, dd, J=2.0, 19.0Hz, 5-H), 2.98 (IH, dd, J-6.5, 
19.0Hz, 5-H) , 5.18 (IH, m, 4-H), 6.47 (IH, dd, J-1.5, 6.0Hz, 
2-H), 7.54 (IH, dd, J=2.5, b.OHz, 3-H), 

In the above data, chemical shift values of HOD was 
expressea as 4.65 ppm. . 

Assignment numbers of ihe sigr;als i:\ ^H~NMR are as shown 
in the following form.ula [iv;. 




As s result, it hss been clsrified thst this substsnce 
is 4 -hydroxy-2 -cy cl open ten- 1 -one . 

(4) Fraction 177 is subjected to a thin layer 
chromatography and to a reversed phase HLPC by the same manner 
as in Example 4- (3) and cancer cell growth suppressing activity 
and apoptic body formation were measured by an MTT miethod 
mentioned in Example 4- (2) whereupon cancer cell growth 
suppressing activity and apoptic body inducing activity were 
noted . 

The active substance of the above fraction 177 

corresponaed tc a substance having a soot az r.f C.3" in the rh:n 
^ayer chromatography and to a substance h.aving a peak of 
retention time cf 16.8 m.inutes in the reversed phase KPLC . 

The fraction 177 in which the substanse of a spot cf ?.f 
0.37 was detected were collected and the solvenc was evaocrated 




diaiTceter 250 height; manufactured by Tosch) was used as 
a cclumn and eluted v;ith v;ater at a flow rate of 6.5 ml/rtinutes 
and detection was conducted by an absorbance at 206 nm. Each 
of the peaks was fractionated and concentrated In vacuo, 
activity thereof was measured b^^ the above-m.ent leaned MTT m.ethod 
and mass analysis of the peaks where the activity was noted was 
conducted using a mass spectrometer DX302 (manufactured by 
Nippon rienshi) . m.-n itrobf^^nTv"^ ^Inohol was used as a matrix and 
the measurement was conducted in a positive ion mode. 
FAB-MS 

m/z 216 [M+H]^ 

Furthermore, a nuclear magnetic resonance spectrum, was 
mieasured. Nuclec^miagnet ic resonance spectrometer used was a 
JNM-ASOO (m.anuf actured by Nippon Denshi) . The results are as 
given belc w . 

*H-NMR 

6 2.71 (IH, dd, J=3.0, 18.5H2, 5-H), 2.98 (IH, dd, J-7.5, 

i ^ • — f ~ ' f • ^' , — / f ^ ~ ) f c . t ', ^ , O O , w — ^ . '^-^ , t . t n , 

3-H), 8.10 (IH, s, 2'-H), 8.14 (IH, s, 8'-H) 

In the above data, the sample was dissolved in heavy 
Gimethyl sulfoxide and cnemical shift of residual p^rotcn of 



# 



0 




NH2 

As a result, it has been clarified that this substance 
is 4 - [ 9-acieninyl ) -2-cyclopenten- 1-one . 

Fig. 1 shows a mass spec-::rum of 4 -( 9-acieninyl ) -2- 
cyclopenten- 1-one in which abscissa indicates m/z values while 
ordinate indicates relative intensity (%). 

Fig. 2 shows a ^H-NMR spectrum of 4 - ( 9 -adeninyl ) -2 - 
cyclopenten-l-one in which abscissa indicates chemical shift 
value (ppm) while ordinate indicates signal intensity. 

;5) A 10 w/v % aquecus solution of sodium salt of DUA 
was heated at 121°C for two hC'Urs. This heated soluticn was 
partitioned with ethyl acetate in a ratio of 1:2, the resulti:vg 
aqueous phase was r e-p 3 r 1 1 1 1 one a with a 3:1 mixture ;:;f 
chloroform; and methanol m a ratio of 1:1, the organic solvent 
phase was evaporated in vacuo, a 9:1 m.ixture of chloroform and 
metnano^ was added thereto and the residue was removed therefrom 




with the abC'Ve mixed solution and charged in a column c>f 25 mm 
diamieter cm. height and the above-prepared solution was 

developed uniier a pressure of 0.25 FCgf/cm" firstly with a 9:1 
mixture of chloroform and m^ethanol and secondly with a 6:1 
m.ixture of the sam.e and fractionated for each about 8 m.l. 

Each of the fractions was developed by a thin layer 
chromaoography using a 4 : 1 mixture of chloroform and methanc-l 
and detected by an orcinol-sulf uric acid coloring reagent. 
From the fractions 380 to 500, a spot of Rf 0.36 colored in 
reddish brown was detected. 

Fractions 400-420 were collected and the organic solvent 
was evaporated In vacuo and substituted with ethanol followed 
by subjecting to a reversed phase HPLC. 

In the HPLC, TSK gel ODS-80 Ts column (20 mm diameter 

>< 250 mm height; manufactured by Tosoh) was used, eluted with 
a 8% aqueous solution of acetonitrile at a flow rate of 6 
ml/minute for five minutes, then eluted to a 40% aqueous 

sjljtlDn of acetonitrile with a concentration gradient m.ethc-d 
for 3C' minutes, deteciion was condi^cied by means of absorbsnce 
at 206 nm and the peak of an eluting time cf 35 minutes was 
separate i . 

The peak of an eluting oime ol j5 m.mutes was subje::ted 




mir. diameter >: 250 rrjn height; manufactured by YMC) was used and 
eluted for 20 minutes at a fi:^w rate of 0.8 m.l/minute by a 
concentration gradient method from 4% to 25% aqueous solutions 
of acetonitrile and detection was conducted by means of an 
absorbance at 210 nm whereupon a single peak was detected at 
an eluting time of 14 minutes. 

In an MTT assay, about IS^ig/ml of dried product of the 
peak of eluting time of 35 minutes showed deformation and 
apoptic body formation in the cells whereby cancer cell growth 
suppressing activity and apoptosis-inducmg activity were 
noted . 

The peak of an eluting time of 35 minutes was analyzed 
by means of m.ass analysis and by nuclear miagnetic resonance 
spectrum after dissolving in heavy dimethyl sulfoxide. 

In the mass analysis, DX 302 mass spectrometer was used. 
Glycerol was used as a matrix and the measurement was conducted 
in a positive ion mode. 

FA3-M S 

m/z 2 }2 ^ 

Nucle-i'magnet ic resonance spectrometer used was a 
JNM-A5 0 0 . The sample was dissolved in he^vy dimethyl sulfoxide 
and chemical snift of residual prctc:n f neavy dimetnyl 



18.5Hz, 5-H) , 5.65 (IH, m, 4-H), 5.42 {2H, br-s, Hof 2'-NH2;w 
6.46 (IH, dd, J-2.0, 6.OH2, 2-H), 7.65 (IH, 8'-H), 7.81 (IH, 
dd, J=2.5, 6.0Hz, 3-H) 

Assignment numbers of the signals in ^H-NMR are as shown 
in the following formula [VI]. 

0 

H 

[VI] 




As a result, it has been clarified that this substance 
is 4- (9-guaninyl) -2-cyclopenten-l-one . 

Fig. 3 shows a mass spectrum of 4 -( 9-guaninyl ) -2 - 
cyclopenten-l-one in which abscissa indicates m/z values while 
ordinate indicates relative intensity (%) . 

Fig. 4 shows a specrrum. of 4 -( 9-guaninyl ) -2 - 

cy c^ cpen t en- ^-one m which abscissa indicates chemical snift 
value (ppmh while ordinate indicates signal intensity. 



nxam.ple 5 . 



with ethyl acetate at the ratio of 1 : 2 to extract to ethyl acetate, 
then ethyl acetate was evaporated in vacuo from the extract and 
the residue was dissolved in a 9:1 mixture of chloroform and 
methanol , 

Silica gel for column chromatography (manufactured by 
Fuji Silicia Kagaku; BW-300SP) (about 250 cm^) was equilibrated 
with a 9:1 mixture of chloroform and methanol and charged in 
a column, of 25 mm di ameter > 60 cm height and the above-prepared 
solution was developed by means of chromatography using a 9:1 
mixture of chloroform and m.ethanol with a pressure of 0 , 2 Kgf / cm^ 
and fractionated every about 8 ml. Solvent of the fractions 
was evaporated appropriately and substituted with a 50% aqueous 
solution of ethanol and activity for suppressing the growth of 
cancer cells was measured by an MTT method mentioned in Example 
4-(2) . 

The result was that the cultured cells where fractions 
28-36 were added showed a significant reduction in the viable 

cell numbers as compared with the case where a 50% aqueous 
solution of etnanol was added. F'urtrier, in the observation 
under an optical microscope, aggregation of nuclei, reduction 
in size of the cells and formation of apoptic body were confirmed 
in the cultured cells where the fractions 28-36 were added. 



(2) Fractions 28-35 are subjected to a thin layer 
chromatography and to a reversed phase HLPC by the same manner 
as in Example 4- (3) and cancer cell growth suppressing activity 
and apoptic body formation were measured by an MTT method 
mentioned in Example 4- (2) whereupon cancer cell growth 
suppressing activity and apoptic body inducing activity were 



noted . 



_ ^,,v.^-H :.r.^^ r.f thf-. above fractions 28-36 

1 Ut; CLOUXVC: o L^j^^ - - 



corresponded to a substance having a spot at Rf 0 . 44 in the thin 
layer chromatography and to a substance having a peak of 
retention time of 9.7 minutes in the reversed phase HPLC. 

The fractions 28-36 in which the substance of a spot of 
Rf 0.44 was detected were concentrated in vacuo, and were 
subjected to a reversed phase HLPC whereupon a single peak was 
detected at a retention time of 9.7 minutes. 

In the mass analysis, DX 302 mass spectrometer was used. 
Thioglycerol was used as a matrix and the measurement was 
conducted in a positive icn node. 
FAB-MS 

m/z 115 [M+H]" 
97 [M-H2 0+H]" 
-7 Q r V- ? u - o+H * 




"H-NMR 

6 4.27 (IH, dda, J-2.0, 4.0, 15.5Hz, 5-H), 4.51 (IH, 
td, J=2.5, 19.5Hz, 5-H), 4.93 (IH, d, J=b.OHz, 1-H), 6.02 (IH, 
m, 3-H), 7.23 (IH, ddd, J=2.5, 4.0, lO.OHz, 4-H), 7.26 (IH, d, 
J=6.0H2, H of 1-OH) 

In the above data, the sample was dissolved in heavy 
dimethyl sulfoxide and chemical shift of residual proton of 
heavy dimiCthyl sulfoxide v;as expressed as 2.49 p pm. , 

Assignment numbers of the signals in ^H-NMR are as shown 
in the following formula [VII] . 




[VII] 



H O 



As a r e s u ]- 1. , it has been clarified that this s u i:) s t a n c e 
is l,5-epoxy-l-nydroxy-3-penten-2-cne. 

Fig. 5 shows a mass spectrum, of 1 , 5 -epcxy- 1 -hydroxy- 
3-pent en-2-one in which abscissa indicates m/z values while 




Example 6 . 

(1) A 2M aqueous solution of 2 -deoxy-D-r ibose 
(manufactured by Sigma; D2851) was heated at 121^C for four 
hours. This heated sc'lution (5 ml) was evaporated in vacuo and 
the residue was dissolved in a 98:2 mixture of chloroform and 
methanol . 

Silica gel for chromatography (manufactured by Fuji 
Silicia Kagaku; BW-300SP) (about 250 cm"^ ) was equilibrated with 

the above mixture and charged in a column of 25 mm diameter >^ 
60 cm height and the above-prepared solution was 
chromatographed with a 98 : 2 mixture of chloroform and methanol 
with a pressure of 0.2 Kgf/cm^ and fractionated in every about 
8 ml. 

Solvent of each of the fractions was evaporated and 
substituted with a 50% aqueous sc^lution of ethanol and the 
reslting solution was subjected to a thin layer chromatography, 

a reverse pnase HPL2 analysis ana an MTT assay by human 
promyelocyLic leukemia cells {Hl-oC' cells) . 

In the thin layer chromatography. Silica gel 60F2r.4 
(mianuf actured by Merck; 1.05554) was used, developed by a 9:1 
rr.ixture of chloroform ana meohanol ar;d detected by an 




minutes at a flow rate cf 0.8 ml/minute, eiuted for 20 minutes 
to a 80% aqueous solution cf acetonitriie by a concentration 
gradient method and detected by means of an absorbance at 206 
nm . 

The MTT assay was carried out by a method mentioned in 
Example 4- (2 ) . 

As a result of the MTT assay, a strong activ:Lty for 
suppressing the cell growth was n^^t^d in the fractions 4 8 and 
88. In the fraction 48, a spot cf Rf 0.52 was detected by a 
thin layer chromiatography while a peak of retention tim.e of 9.1 
minutes was detected by a reversed phase HPLC analysis. In the 
fraction 88, a spot of Rf 0.35 was detected by a thin layer 
chromatography while a peak of retention time of 9.1 minutes 
was detected by a reversed phase HPLC analysis. 

Those fractions were subjected to a mass analysis and 
to an analysis by nucleomagnet ic resonance spectrum after 
dissolving in heavy dimethyl sulfoxide whereupon the fraction 
4 3 was 4 - h d r c> X y - 2 - c y c 1 o pi e n t e n - 1 - C' n e while the f r a c t: i c* n 83 was 
tr:an3-4, 5-dihydroxy-2-f;entenal. 

(2) An ethanolic sc-lution of trans-4 , 5-dihydroxy-2- 
pentenal which was prepared in Example 6-{i;) was allowed to 
stand at -4G^C in a low-temoerature freezer w'hereupon white 




The ethanolic solution was subjected a chromatography 
again using a silica column. Thus, silica gel for column 
chromatography (manufactured by Fuj i Silicia Kagaku; BW-300SP) 
(about 250 cm^ ) was equilibrated with a 98:2 mixture of 
chloroform and methanol and chromat ographed by the same mixture 
under a pressure of 0.2 F'gf/cm^ and fractionated into about 8 
ml each. 

trans-4 , 5-Dihydroxy-2-pentenal was eluted in the 
fractions 90-126 while a sub-substance was eluted in the 
fractions 67-7 6. 

The above solid and sub-substance were subjected to a 
reversed phase HPLC analysis and an MTT assay using HL-60 cells . 

In the reversed phase HPLC analysis, YMC-Pack ODS-AM 
cc'lumn (4.6 mm diameter '< 250 mm height; manufactured by YMC) 
was used, eluted with water at a flow rate of 0.8 ml/minute for 
five minutes, then eluded to a 80% aqueous solution of 
acetonitrile at a flow rate of 0.8 ml/minute by means of a 
c::ncencrat:ion gradienc mechod for 20 minuses and derecred oy 
ar. ah'SorcancG at 210 nm. 

In the solid, a single peak was detected at an eluting 
time of 18 minutes while, in the sub-substance, a main peak was 
detected at an eluting tim.e of 13 m.inutes. 




were noted . 

The solid was subjected to a mass analysis and to an 
analysis by nucleomagnet ic resonance spectrum after dissolving 
in heavy dimethyl sulfoxide. 

In the mass analysis, DX 302 mass spectrometer was used. 
Glycerol was used as a matrix and the measurement was conducted 
in a positive ion mode. 

FAB-MS 

m/z 215 [M+H]^ 
237 [M+Na]^ 

Nucleomagnet ic resonance spectrometer used was a 
JNM-A500 . The sample was dissolved in heavy dimethyl sulfoxide 
and chemical shift of residual proton of heavy dimethyl 
sulfoxide was expressed as 2.49 ppm. 

^H-NMR 

(J 3.30 (2H, m, 1-H), 3.80 (IH, dd, J=5.0, 8.5Hz, 7-H), 
4.01 (IH, m, 2-H) , 4.05 (IH, t, J-8.5Hz, 7-H),4.66 (IH, t, 

J^o.C'Hz, H of 1-OH), 4.84 ;1H, m, 4.9 6 .IH, d, J=5.0Hz, 

H or 2-0:i), Z.31 ;ir:, o, J^c.^Hz, 5.CC (IH, ado, J-1.5, 

6.5, 15.5Hz, 4-H), 6.01 (IH, dd, J-4.5, 15.5Hz, 3-H), 6.21 (IH, 
ddd, J- 1.5, 8.0, 15.5Hz, 9-H), 7.03 (IH, dd, J=5.5, 15.5Hz, 8~H), 
9.57 (IH, d, J=8.0Hz, 10-H; 





0, 



H 



C 



H 



1 8 

C = C 
9 ! 



H 




7 



As a result, it has been clarified that this substance 



Fig. 7 shows a mass spectrum of 2 - ( t rans - 3 , 4 - 



dihydroxy-l-butenyl) -4- ( trans-2-f ormLylvinyl ) -1, 3-dicxolane 
in which abscissa indicates m/z values while ordinate indicates 
relative intensity {%). 



Fig. 8 shows a ^H-NMF. spectrum of 2 - ( t rans - 3 , 4 - 



dihydroxy-l-butenyl) -4- ( trans-2-f ormylvinyl ) -1, 3-dioxolane 
in which abscissa indicates chemical shift value (ppm^ while 
ordinate indicates signal intensity. 

(3) The concentrate of the heat-treated product 

mentioned m Example o-d; was prepared and thrs concentrate 
was subjected to a silrca cnroma tography . Thus, sriica gel for 
column chromatography (manufactured by Fuji Silicia p:agaku; 
BW-300SP) (about 250 cm') was equilibrated with a 98:2 mixture 
of cnloroform. and m;ethanol, chrom.a tographed with the same 



IS 



(trans-3,4-dihydroxy-l-butenyl) -4 - (trans-2- 





YMC-Pack ODS-AM column (4.6 mm diameter '< 250 mm height; 
m.anuf actured by YMC) with water at a flow rate of 0.8 ml/minute 
for five m.inutes , then eluted to a 80% aqueous solution of 
acetonitrile by a concentration gradient method for 20 minutes 
and detected by means of an absorbance at 210 nm whereupon a 
single peak at an eluting time of 18 minutes was obtained t :^ 
give 2- ( 3 , 4 -di hydroxy- 1-butenyl ) -4 - ( 2-f ormylvinyl ) -1 , 3 - 

dioxolane . 

Example 7 , 

(1) D-Glucuronic acid (manufactured by Sigma; G 5269) 
(10 g) was dissolved in one liter of water, heated at 121°C for 
four hours and concentrated in ^^acuo until about 10 ml . An upper 
layer (40 ml) of a 3:2:2 mixture of butyl acetate, acetic acid 
and water was added thereto and mixed therewith and then the 
supernatant fluid obtained by centrif ugation was concentrated 
in vacuo until about 10 ml . 

Tne above extract was apc^lied to silica gel EW-30C S? 
for column cnri'm.at ography [2 X 28 cm.; rr.anuf acoured b/ Fuji 
Silicia Kagaku) and separated using an upper layer of a 3:2:2 
mixture of butyl acetate, acetic acid and water as an eluenc 
at a flow rate of 5 ml./minuoe with a pressure of 0.2 kg/'cm"~ by 




of fri^m Nc-. 61 to No. 8 0 contained 4 , 5-dihydrC'Xy-2- 
cy 3lcpent en- 1- : ne of a high purity. Those fracrions were 
cc-mhined, concentrated in vacuo and extracted with AO ml c^f 
chloroform and the extract was concentrated in vacuo to give 
1 C 0 mg of 4,5-dihydroxy-2-cyclopenten-l-one represented by the 
following fc^rmula [IX]. 



O 




rixi 



(2) Physical properties of 4 , 5-dihydroxy-2- 
cyclopenten-l-one obtained in Example 7-(l) are given below. 
Incidentally, mass analysis of 4 , 5-dihydroxy-2-cyclopenten- 
1-one was carried out by a DX 302 mass spectrometer 

(mtanuf actured by Nippon Denshi). In the measurement of NMR 
spectrum using a heavy chloroform solvent, a JNM-A5C0 

(manufactured by Nippcn Denshi) was used. Specific rotation, 
'JV abscrpoicn spectrum, and infrared absorption spectrum 
were measured using a polarimeuer ;type 2IP-57C; manu f actur ^-d 
by Nippon Bunko), a spectrophotometer (type ':V-250':; 
m.anuf a ::tured by Shimadzu) and an infrared spect rophotom^er (type 
FTIR-SjOO; manufacrured oy Snimadzu), respectively. 



6 4.2C (IH, d, J=2.4Kz, 5-H), 4.83 (IH, 4-H), 6.30 

(IK, dd, J-1 . 2, 6 . IHz, 2-H- , 7.48 (IH, dd, J=2 .1, 6 . IHz, 3- 

H) 

In the above data, the chemical shift value of the ^H-NMR 
was given on a basis that the chemical shift value of CHCI3 was 
7.26 ppm. 

Optical rotation : [ a ] d^" O"" (c 1.3, water) 
IR fKBr method) : absorptions were noted at 3400, 1715:, 
1630, 1115, 1060, 1025 cm"^ 

UV: /I niax 215 nm. (water) 

This fraction was separated by a normal phase HPLC using 
a column of Palpack type S and detected by means of ultraviolet 
absorption a 215 nm whereupon the purity was 98% . 

(3) A 2M aqueous solution of D-ribose (sold by Nacalai 
Tesque; 302-10) or a 2IM aqueous solution of D-( + ) -xylose 
(manufactured by Nacalai Tesque; 367-19) was heated at 12l'C 
f<jr 14 hours. The heat-treated solution (90^1) was made to 
react with 1 J f.i 1 of a 1 M e t h a n o 1 1 c s c> 1 u t i n C' f t h i o C) h e n 1 
(manufactured by rJacaa.ai Tesque ; 338-Cil) at37"C for 30 minutes . 
The heat-treated solution and its reaction product with 
thiophenc'l were analyzed by the following reversed phase HPLC. 

Column: YN:C-?ack CZ^S-AM (4.6 >^ 250 rrn; manufactured oy 




Mobile phase B: aqueous solution containing 0. 1% TFA and 
80- a-etonitrile 

Flow rate: 0.8 ml/minute 

Elution: mobile phase A (for five minutes) linear 
concentration gradient from mobile phase A to mobile phase B 
(for 20 m.inutes) mobile phase B (for five minutes) 

Detection : absorbance at 215 nm 

Am.ount of the sample injected: lOul 

When the heat-treated solution was analyzed, a peak of 
retention time of 6. 5 minutes was noted in both ribose and xylose. 
This coincides with the retention time of 4 , 5-dihydroxy-l- 
cyclopenten-l-one obtained in Example 7-(l). 

When the reaction product of the heat-treated solution 
with thiophenol was analyzed, the peak of retention time of 6.5 
minutes disappeared in both ribose and xylose and a peak of 
retention time of 19.6 m.inutes newly appeared. The newly 
appeared peak was identical with the peak obtained after the 
reac-ion c f 4 , 5-ainyaroxy-2-cyclopenten- 1-one witn tniophenoi 
of Example - ( 1 ; with thiophenol. 

Fr:.m the above, it is apparent that 4 , 5-dihydroxy-2- 
cyclopenten-l-one is produced when ribose or xylose is heated. 

!4) Eachof O.IM, 0.2:-:, C . 5M, IM ana 2M aqueous solurions 



was measured to de nermine the amount of 4 , 5-dihydroxy-2- 
oycl'jpenten- 1 -one produced. The result is given in Fig. 9. 
Thus, Fig. 9 shows the relation between the pentose 
concentration and the produced amount of 4 , 5-dihydroxy-2- 
cyclopenten-l-one where the abscissa indicates the pentose 
concentration (M) while the ordinate indicates the produced 
amount (mM) of 4, 5-dihydroxy-2 -cyclopenten- 1 -one . 

Incidentally, in Fig. 9, black dot is the amount of 4,5- 
dihydroxy-2-cyclopenten-l-one produced m the heat-treated 
ribose while black triangle is the amount of 4 , 5-dihydroxy- 
2-cyclopenten-l-one produced in the heat-treated D-(+)- 
xylose . 

Example 8 . 

(1) Sodium ribose-5-phosphase (50 mg) (manufactured by 
Nacalai Tesque; 302-12) was dissolved in 5 ml of water, adjusted 
to pH 3 by HCl and heated at 12l''C for four hDurs. The resulting 

heated croauct was analyzes oy the following reversed phase 
H?LC . 

Colum.n: TSP; gel CDS- 3 0 Ts ( 4 . 6 mjn X 2 50 mm.; manufactured 
by Tosoh) 

M-cbile phase: aqueous solutiijn of TFA 



The result was that a peak of retention time of 4.7 
minutes was found and it was identical with the retention time 
of pure 4 , 5-dihydroxy-2-cyclopenten-l-one obtained in Example 
7(1). Further, from the calibration curve showing the relation 
between the peak area and 4 , 5-dihydroxy-2-cyclopenten- 1-one 
obtained from said pure 4 , 5 -dihy droxy-2 -cyciopenten- 1 -one , 
the concentration of 4 , 5 -dihydroxy-2 -cyclopen ten- 1 -one in 
this heated product was calculated as 6.3|aq/ml. 

This heated product (200|al) was subjected to an HPLC by 
the same manner as above and a fraction of retention time of 
3.8-5.8 minutes was collected . The same operation was repeated 
twice and the collected fraction was concentrated and 
evaporated in vacuo. To this was added a 4:1:1 mixture of 
N, 0-bis ( t rime thy Isilyl ) -ace t amide (manufactured by Nacalai 
Tesque) , t r im.et hy Ichloros i lane (manufactured by G . L. Science) 
and pyridine f manufactured by Pierce) to conduct a 
tr imethylsilylation and the structure was analyzed by a gas 
chromatography /'mass analysis using a mass analyzer ;type 
DX-302 ; manufacture:! by Nippon Denshi) whereupon the mass 
spectrum of a peak appearing at the same retentic-n tim.e as the 
pure 4 , 5-dihydroxy-2-cyclopenten-l-one obtainea in Example 
^-{^: was identical wioh that of said pure 4 , 5-dihydroxy-2 - 



(2) Sodium ribose-5-pht:-sphat e {30 mg) was dissolved in 
3 ml of water and adjusted to pH 2.5 oy IN HCl . Amount of 
4 , 5-dihydroxy-2-cyclopent en- 1-one contained in this sample 
was measured by the following gel filtration HPLC. 

3olumn: TSK-gel G2 50 0 PW (XL) (7.8 >: 300 mjn; manufactured 
by Tosoh) 

Column temperature: 40t 
Mobile phase: warer 
Flow rate: 1 ml/minute 
Detection : absorbance at 215 nm 

The result was that a peak of retention time of 11.4 
minutes was noted and the retention time was identical with that 
of pure 4 , 5-dihydroxy-2-cyclopenten-l-one obtained in Example 
7-(l). Further, from the calibration curve showing the 
relation between the peak area and 4 , 5-dihydroxy-2- 
cyclopenten-l-one obtained from said pure 4 , 5-dihydroxy-2 - 
cyclopenten-l-one, the concentration of 4 , 5-dihydroxy-2- 
cyclopenten-l-caie m this r;ea:.ed prc'duct was calculated as 
B . ?|.ig/ml . 

From the abc^ve, it is now apparent that, when sodium 
ribose-5-phosphate is heated, 4 , 5-dihydr oxy-2-cyclopenten- 




for four hours. This heated solution was cc'ncent rated in vacuo 
and partitioned with ethyl acetate at the ratio of 1 : 2 to extract 
to ethyl acetate, ethyl acetate was evaporated therefrom in 
vacuo and the residue was dissolved in a 9:1 mixture of 
chloroform and methanol. 

Silica gel fc^r column chromatography (BW-30 SP 
manufactured by Fuji Silicia rCagaku) (about 250 cm^) was 
equilibrated with the above mixture and charged in a column of 
25 mm diameter :< 60 cm height and the above-prepared solution 
was chromatographed with a 9:1 mixture of chloroform and 
methanol under a pressure of 0.2 Kgf/cm^ and fractionated in 
every about 8 ml. Solvent of the fraction was appropriately 
evaporated followed by subjecting to a thin layer 
chromatography, fractions 38-57 having a spot of Rf 0.5 were 
collected and the solvent was evaporated therefrom and 
substituted with a 50% aqueous solution of ethanol . In the thin 
layer chromatography, Silica gel 6OF254 was used, development 
was carried cut cy a 9 : 1 mixture cf chloroform, and methanol and 
aetection was ccnaucted by an o r c 0 n o I - s ul f u ri c acid cclorin:: 
reagent . 

After that, the active substance was separated and 
c^urified by a reversed phase HPLC. In the separation, TSK gel 




gradient method for 15 minutes and detected by an absorbance 
at 206 nm. The peak of eluting time of 15 minutes was collected. 

The peak of eluting tim.e of 15 minutes was subjected to 
a measurement of cancer ceil growth suppressing activity and 
apoptosis-inducmg activity by an MTT method mentioned in 
Example 4- (2) whereupon deformation of cell and suppression of 
formazan formation were noted and, therefore, cell growth 
suppressing activity and apoptos is-inducing activity were 
confirmed . 

The peak of retention time of 15 minutes was subjected 
^o a reversed phase HPLC analysis. In the analysis, TSP: gel 
ODS-8 0 Ts column (4.6 < 25C mm) was used and ir was e luted with 
0 . 8 ml /minute of water for five minutes, e luted to a 8 0% aqueous 
solution of acetonitrile by a concentration gradient method for 
20 minutes and detected by m.eans of absorbance at 206 nm. In 
this analysis, a peak of retention time of 15 minutes was eluted 
at an eluting time of 5.7 minutes and its eluting time was 
:..dent: :.ca 1 with zhaz. of 4, 5 - d i ndy r ox y- 2 - cy :: 1 ope n t en- 1 - 3ne 
mentioned m Example ^- ;i) . Further, the fraction of the peak 
C'f retention tim.e of 15 m.inutes was analyzed by a nuclear 
magnetic resonance spectrum after dissolving in heavy dimethyl 
sulfoxioe and rhe spectrum of 4 , 5-aihydroxy-2-cyclopenten- 




4-Cyclopenten-l , 3-ciione (Aldrich; code 1 6 , 1 68 - 3 ) (ig; 
10.4 mmoles) and 1.94 g (5.2 mrrjoles) z-f cerium chloride 
(III).7H20 (Nacalai Tesque; code 077-20) were dissolved in 25 
ml of water. NaBH^ (Nacalai Tesque; code 312-29) (198 mg; 5.2 
mmoles) was gradually added rhereto winh stirring in ice and, 
after completion of addition, pH was made neutral or lower by 
IN HCl. 

The reaction solution was subjected to a TLC using a 
developer which was a 9:1 mixture of chloroform and methanol 
and detected by orcinol-sul f ur ic acid whereupon a red spot was 
detected at around Rf 0.5. The neutralized reaction solution 
was concentrated In vacuo until the syrupy state, the syrup was 
extracted with 100 ml of a 40:1 mixture of chloroform and 
methanol and the extract was filtered through silica gel. The 
filtrate was concentrated in vacuo and purified by subjecting 
to a medium-pressure silica (80 g) chromato graphy using a40;l 
mixture of chloroform and methanol to give 236 mg (yield: 23%) 
of highly pure 4 - h yd rcxy- 2 - cy - 1 ope nt e n- 1 - on e in pale yellow oil 
wnicn was confirmee from its nuclear magneiic resonance 
spect rum . 

Exam.p 1 e 11. 




was subjected to a reversed phase H?LC tc collect the peaks. 

The colu.T.n used was TSP: gel ODS-80 Ts (20 mjT\ diarr^.eter ^ 250 
rrjT^i height; manufactured by Tosoh) . Eluticn was conducted with 
6.5 ml/minute of distilled water and detection was conducted 
by an absorbance at 206 nm. The peaks were collected, 
concentrated in vacuo and subjected to an KTT assay using human 
promyelocyt ic leukemia cells (HL-60 cells) mentioned in Example 
1 . 

As a result of the MTT assay, cancer cell growth 
suppressing activity and apoptic body production were noted m 
the peak 1 of retention tim.e of 14,4 minutes and in the peak 
3 of retention time of 16.6 minutes. The two peaks where the 
activity was noted were purified by subjecting to a 
chrom.atography again using the same column. 

The two peaks where the activity was noted were analyzed 
by a mass analysis and a nucleomagnet ic resonance spectrum. 

The mass analysis was conducted by a miass spectrometer 
of type DX 302 (Nippon Cienshi) m a positive ion m:ode using 
u ^ V' c e r c _ as a m. a t r ^ x . 

FAB-MS of the peak 1: m/z 406 lM+H]* 

FAB-MS of the peak 3: m/z 406 [M + Z]"" 

42 S I M-Na: ^ 



that of HOD was set at 4.65 ppm were as follows. 

Peak 1; a 2.13 (2H, m, 5'-H), 2.29 (IH, m, 2-H) , 2.45 
(IH, rr„ 5-H), 2.50 (2H, m, 4'-H), 2.65 (IH, r.., 5-H), 2.69 (IH, 
m, 2-H), 2.90-3.00 (IH, m, I'-H), S.IO'-S.IB (IH, m, I'-H), 
3.61 (IH, m, 3-H), 3.76 (IH, m, 6'-H), 3.89 {2H, s, 9'-H), 4.50 
— 4.62 (2H, m, 4-H, 2'-H) 

Peak 3; (J 2.10 (2H, m, 5'-H), 2.27 (IH, m, 2-H), 2.29 
_ c Ti\ n AO fou rr, A'-H\ 9 7fi~?.fi4 flH. m, 5-H), 2.84 
-2.92 (IH, m, 2-H), 2.93-3.02 (IH, m, I'-H), 3.09-3.21 (IH, 
m, I'-H), 3.40 (IH, m, 3-H), 3.73 (IH, m, 6'-H), 3.86 (2H, s, 
9'-H), 4.31 — 4.40 (IH, m, 4-H), 4.59 (IH, m, 2'-H) 

Assignment numbers of the signals of peak 1 and peak 3 
are as shown in the following formula [X] . 




OH 



[X] 



H J N - C H C H , C H J C O K H - C 1-1 - C O N H C II 2 C O O H 

I "-'2' 8' 9' 10' 

CO OH 

The peak 1 was a miixture of diastereomers of a :--R,4S 
;omDound and a 3S,4F. compound while the peak 3 was a mixture 




cyclopenten-l-one where 3- and 4-positions were in cis while 
the peak 3 of the present sample of trans-3-L-glutathion-s- 
yl-4-hydroxy-2-cyclopenten-l-one where 3- and 4-positions 
were in trans . 

Fig. IC shows a mass spectrum of the peak 1 in which the 
abscissa indicates m/z while the ordinate indicates a relative 
intensity ( % ) . 

Fiq. 11 shows a mass spectrum of the peak 3 in which the 
abscissa indicates m/z while the ordinate indicates a relative 
intensity ( % ) . 

Fig. 12 shows a ^H-NMR spectrum of the peak 1 in which 
the abscissa indicates chemical shift value (ppm) while the 
ordinate indicates a signal intensity. 

Fig. 13 shows a ^H-NMR spectrum of the peak 3 in which 
the abscissa indicates chemical shift value (ppm) while the 
ordinate indicates a signal :Lntensity. 

Examc'le 12 . 

(1) HL-6 3 :::ells ( AT CC CCL-24 0) incuioated az 3"^'C in an 
RPMI 1640 medium (manufactured by BicWhittaker ) containing 10^. 
of fetal bovine serum, (manufactured by JRH) treated at for 
30- minutes were suspended in an RPMI 1 64 0 .medium to make the 




dihydr-:xy-2-pentenal prepared in Example 6-(l), 0.05 mM, 0.5 
mM, 5 mM or 50 mM of a 70% ethanolic solution of 4-hydroxy- 
2-cy ^Icpent en-l-ol prepared in Example 6-(l), 5 mM, 10 mM or 
20 mM of a 70% ethanolic sc-lution of 4 - ( 9 -adeniny 1 ) -2 - 
cyclopenten-l-one prepared in Example 4- (4), 2.5 mM, 5 mM, 15 
mM or 25 mM of a 70% ethanolic solution of 4 - ( 9-guaninyl ) - 
2-cyolopenten-l-C'ne prepared in Example 4- (5), 75 mM, 150 mM 
or 300 mM of a 70% ethanolic solution of 1,5-epoxy-l- 
hydroxy-3-penten-2-one prepared in Example 5- (2) or 5 mM, 25 
mM or 50 mM of a 70% ethanolic solution of 2 - ( t rans -3 , 4 - 
dihydroxy-l-burenyl ) -4- ( t rans -2 - formyl vinyl ) -1, 3-dioxolane 
prepared in Example 6- (2) followed by incubating at 37''C in the 
presence of 5% carbon dioxide gas for 24 hours. 

The incubated cells were observed under an optical 
microscope and aggregation of nuclei, reduction in size of the 
cells and formation of apoptic body were confirmed in the 
incubated cells where l|j,M or more final concentration of 

4 -hv'drcixy - 2 - eye 1 op'en t en - 1 - one , 1 C'l^tM o r mo re final 

concentration of 4 - ( 9-adeninyl ) -2-cyclopenten-l-one , 39|,iMor 
m.ore final concentration of 4 - ( 9- gu aninyl ) - 2 -cyclopent en- 1 - 
-^-^^ 625|.iM or more final concenira- ion of 1,5-epoxy-l- 




net noted in the incubated cells to which 10 ml of 70% ethanolic 
siiution were added used as a ccntrol. 

(2) HL-60 cells which were incubated on an PPMI 1640 
medium containing 10% of fetal bovine serum processed at 56'C 
fo-r 30 minutes were suspended in an RPMI 1640 medium to make 
2.5 >: 10^ cells/5 ml , 

To 5 m.l the suspension were added 10|.il of 12.5 mM, 25 
im, 50 mM or 100 mM of a 70% ethanolic solution of 4,5- 
dihydroxy-2-pentenal, 0.05 mM, 0.5 mM, 5 mM or 50 mM of a 70% 
ethanolic solution of 4-hydroxy-2-cyclopenten-l-one, 5 mM, 10 
mM or 20 mM of a 70% ethanolic solution of 4 - ( 9-adeninyl ) - 
2-cyclopenten-l-one prepared in Example 4- (4), 2.5 mM, 5 mM, 
15 mM or 25 mM of a 70% ethanolic solution of 4-(9- 
guaninyl) -2-cyclopenten-l-one prepared in Example 4 - (5) , 7 5 mM, 
150 mM or 300 mM of a 70% ethanolic solution of 1,5-epoxy- 
l-hydroxy-3-penten-2-one prepared in Example 5- (2) or 5 mM, 25 
nM or 50 mM of a 70% ethanolic solution of 2- ( trans-3, 4- 
oihydr^: xy-l-buteny: ; -4- ; t r a ns - 2 - f o rmy 1 viny 1 ; -1, 3-oioxolane 
rrepared m Example ^:'-(2) followed by incubating at 3 7 C in t' e 
presence of 5^ of carbon dioxide gas for 24 hours and 43 hours 
ani the resulting cells were subjected to a measurement cf 
apoptosis cells using FACScan by a method mentic^ned m pages 




measurement of analysis of fragmentation of DNA by a method 
mentioned in page 61-63 of ''E.iomanual UP Series - New 
Experimental Methcids for Apoptosis" (published by Yodosha in 
1995) . 

The result was that apoptosis cells were confirmed in 
the incubated cells where 50|aM or more final concentration of 
4 , 5-dihydroxy-2-pentenal , 10|.iM or more final concentration of 
4-hydroxy-2-cyclopenten-l-one, 10|aM or more final 
concentration of 4 - ( 9-adeninyl ) -2-cyclopenten-l-one, 20|iM or 
more final concentration of 4- ( 9-guaninyl) -2-cyclopenten-l- 
one, 600|aM or more final concentration of 1,5-epoxy-l- 
hydroxy- 3-penten-2-one or 50|aM or more final concentration of 
2 - (trans-3, 4 -di hydroxy- 1 -but enyl ) -4- ( t rans-2- f ormylvinyl ) - 
1 , 3-dioxolane was added. Further, fragmentation of DNA was 
confirmed in the incubated cells where 50, 100 and 200)aM final 
cjncentrations of 4 , 5-dihydroxy-2-pentenal , lOjaM final 
c i.ncentration of 4 -hydroxy-2-cyclopenten-l-one and 10 and 30uM 
3i concentrations of A - ■ 9-adeninyl) -2-cyclopenten- 1-one 
ire a :i d e d . T n i : o n i a 1 1 \' , sum p n e n o m e n a were c t noted in toe 
control which was the in :ubaoed cells where 10|.il of a 70% ethanol 
sc^lution were added thereto. 

;i) Tne cells wnicn were incubated for 24 hours by one 




in blue were measured, concentration (survival rate^o) of each 
o f the s amp 1 e s where survival rate bee ome s 50% v/as dete r mi n e d 
and the result is given in Table 1 . 



Table 1 



Name of Substance 


Survival 
(^M) 


Rate5o 


4, 5-dihydroxy-2-pentenal 


124 




4-hydroxy-2-cyc lopenten-l~one 


25 . 


5 


4- (9-adeninyl) -2-cyclopenten-l-one 


2 2 . 


4 


4- { 9-guaninyl ) -2-cyclopenten-l-one 


67 . 


9 


1, 5-epoxy-l-hydroxy-3-penten-2-one 


438 




2- ( trans-3, 4-dihydroxy-l-butenyl ) -4- 
( trans-2-f ormylvinyl ) -1, 3-dioxolane 


74 . 


4 



Example 1 3 . 

(1) One (.tl of a pBR322 DNA (0.25|ag/^l) (manufactured by 
Takara Shuzo) was added to a m.ixture of 2|al of topoisomerase 
II [manufactured by Topogen; 2units/^l], 2|.il o f 1 0 - fc la d i luted 
t^uffer ;0.5M Tris-HCl :pH 8.0), 1 . 2M KCl, C.IK MgCl.-, 5mM 
adenosine t riphc^sphate and 5mM di t h i o t hr e 1 1 ol ^ , 2|.il of 0,1"^: 
bovine serum albumin (manufactured by Takara Shuzo) , ll|.il of 
distilled water and 2^1 of distilled water (a cc^ntrol! c^r 



stopped by adding 2\.il of an aqueous solution of 1% sodium 
dodecy isulf ate, 50% glycerol and 0.02% Bromophenol Blue. 

The above reaction solution (20|al) was applied to a 1% 
agarose gel prepared frc-m agarose L03 (manufactured by Takara 
Shuzo) and TAE buffer [consisting of 40mM of Tris, 5mM of sodium 
acetate and ImM of disodium ethylenediaminet et raace tate 
(EDTA) ; adjusted to pH 7.3 with acetic acid] and an 
electrophoresis was carried out in a TAE buffer. After the 
electrophoresis, the gel was dipped in a l|j.g/ml aqueous soluoion 
of ethidium bromide and irradiated with ultraviolet ray and the 
elect rophoretic pattern of DNA was observed. Incidentally, in 
the control where water was added, DNA completely changed from 
a supercoiled type to a relaxed circular type while, when 
copoisomerase II activity was inhibited, the change of from, the 
supercoiled type to the relaxed circular type was partially or 
completely inhibited. 

As a result, in the control to which water was added, 
I'NA was compleoely changed fr^m a supercoiled type zo a relaxeo 
::: 1 r c u ^ a r o y c e cut o n e c r: a n g e r r c; m. a 3 u p r c o 1 1 e ci t y p e to a relax e o 
circular type was partially or oompletely inhibited by 100|.iM 
or m.:>re of 4 , 5-dihydroxy-2-pentenai or 4-hydroxy-2- 
cycloC'en ten- i -one whereby one nopod sorr.e r a se 1 1 -inhibiting 




except that tC'pcisomerase I [rrLanuf actured by Topogen; 0.01 
uni t / |Lil ] was used instead of t jpo 1 s^jmer a se II and , as a 10- 
fold diluted buffer, lOOmM Tris-HCl (pH 7.9), lOmM EDTA- 
disodium, ImM spermidine and 50% glycerol were used . 

The result was that nC' topoi somerase 1-inhibiting 
activity was confirmed in any of the compounds. 

As mentic-ned above, each compound showed a specific 
inhibiting activity to topoi somerase II which transiently 
appeared only in a stage of division in normial cells but is highly 
expressed throughout all cell periods as a result of canceration. 
Incidenta lly , all other compounds of the present invention 
showed the same inhibiting activity as well. 

Example 14 . 

Hs 68 cells (ATCC CRL-1635) which were human cancer cells 
were incubated on a D-MEM m.edium (manufactured by Gibco BRL) 
containing 10% of fetal bovine serum (FBS m.anu f act ured by 

B i.oWhittaker ) at Sl'^C m the presence of 5^ of CO: until the 
cells were saturated m the culture medium, a tryps^n-EDTA 
sc^^utlon viT^anuiacturea by Br oWhi 1 1 a Ke r ) was suspended m the 
above medium to make 3 :< 10' cells/ml and each 200).il of the 
suspension were placed in eacn well of a 96-well microtiter 



1 J or 2jJ|.iM of 4 , 5-dihydroxy-2-pentenal or 4-hydroxy-2- 
cyolopenoen-l-'Z'ne was added Lhereto. A time course of 96 hours 
was adopted and, every 24 hours, the supernatant liquid of the 
incubated medium was recc^vered and the influence of 4,5- 
di.hy dr :'xy-2-pentenal ana 4-hydroxy-2-cyolopenten-l-one on the 
induction c-f hIGF-1 production in Hs68 cells was measured using 
an ELISA-kit for hIGF-1 (manufactured by Diagnostic System 
Labo ) . 

The result was that, in Hs68 cells, the inducing activity 
of the hlGF production became maximum after 24 hours and then 
reduced with a lapse of time when 100|J.M or more 4,5- 
di hydroxy- 2 -pent enal or 4 -hydroxy-2 -cyclopenten- 1 -one were 
added. Incidentally, the hIGF-1 inducing activity of 4- 
hydroxy-2-cycl'Openten-l-one was stronger than that of 4,5- 
dihydroxy-2-pentenal . 

The results are given in Table 2 and Table 3. 
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Inducing Activity of the hIGF-1 Pro-duction 
Concentration (ng/ml) 



Table 3 



4, 5-dihydroxy-2- 
pentenal 



Concentration 



Incubation Time 
24 hours 48 hours 72 hours 



96 hours 



Inducing Activity of the hIGF-1 Production 
:^M) (ng/ml) 



0 
40 

100 
200 



0 
0 

15 . 3 
11 . 3 



0 
0 

10 . 0 

11,1 



0 
0 

5 . 2 
9. 9 



0 
0 

4 . 6 
4 . 5 



As such, 4 , 5-dihydroxy-2-pentenal and 4-hydroxy-2- 
cyclopenten-l-one showed an inducing activity of the hIGF-1 
production. Other compounds of the present invention showed 
the same activity as well. 



Example 15 . 

(1) U937 cells (ATCC CRL-1593) which were synovial cell 
strains established from pleural effusion of patients suffering 
from tissue lymphoma were suspended in an RPMI 1640 medium 

containing IC^cfFBS to make i::3 concentration 5 X 10' cells/ml 
ana eacn ^00^1 dz the suspension was placed m each well of a 
96-well micro titer plate. After that, 100|.ilofthe above medium, 
were added and then 4 , 5-dihydroxy-2-pentenal or 4-hydroy-2- 
cyclopenten-l-cne was added tc- make its concentration 5, ^5, 




10|.il of Premix WST-1 (MK 400 ; manufactured by Takara Shuzo) were 
added. The mixture was made to react at for three hours 

and the value (A450-65Q) obtained by subtracting the absorbance 
at 650 nm (A650) from that at 450 nm (A450) was defined as a degree 
of cell growth. 

The results are given in Table 4 and Table 5. 



Table 4 



4 -hydroxy-2- 
cyclopenten- 1 - 

Concentration 


one 


24 


hours 


Incubation 
48 hours 


Time 

72 hours 






Degree 


of Cell 
( A450-650 ) 


Growth 


0 




0 . 


940 


3 . 


912 


1.829 


50 




0 . 


501 


0 . 


930 


0.875 


75 




0. 


557 


0 . 


968 


0.821 


100 




0. 


591 


1 . 


054 


0 . 532 


150 




0 . 


524 


1 . 


126 


0.478 


200 




0 . 


353 


0 . 


643 


0.338 




Table 5 



4 , 5-dihydroxy-2- 
pentena 1 


2 4 


hours 


Incubation 
48 hours 


Time 

72 


hours 


Concentration (|a.M) 






Degree 


of Cell 

(A.,5C-550 ) 


Growth 


0 


0 . 


94 0 


3 . 


912 


1 . 


829 


50 


0 . 


82 1 




471 


1 . 


245 


75 


0 . 


60 6 


0 . 


87 9 


0 . 


862 


100 


0 . 


5 60 


0 . 


94 8 


0 . 


5 97 


150 


0 . 


50 5 


0 . 


823 


0 . 


465 


200 


0 . 


37 0 


0 . 


644 


0 . 


753 



As such, 4 , 5-dihydroxy-2-pentenal and 4-hydroxy-2- 
cy 3lopenten-l-one showed a cell growth suppressing activity to 
synovial cells. Other CDmpounds of the present invention 
showed the same activity as well. 

(2) DSEP' cells (owned by Department of Second Internal 
Medicine, Total Medical Center, Saitama Medical College, as a 
rheumatism model m vitro) which were fibroblast ceil strains 
established fr^jm synovial memorane from a patient suf ferine 
from hurr.an chronic rheumatism were incuoated in an ] scov-M^iX 

(manufactured t-y BioWhi 1 1 a ke r ; at 37'C in the presence of 5% 
^-0.: until the cells saturated in a incubator, a t ryr s m-EDTA 




plate (manufactured by Falcon) . When the cells were almost in 
a state of 80% saturation after 5-7 days from incubation, the 
medium, was exchanged and 200)^1 of the above medium containing 
50, 75, 100 or 150|aM of 4 -hydroxy-2 -cyclopent en- 1 -one or 
4 , 5-dihydroxy-2-pentenal were added thereto. 

A time course of 96 hours was adopted and, every 24 hours, 
10|al of Premix WST-1 (MK 400 ; manuf a ::tured by Takara Shuzo) were 
added followed by reacting at 37'C for 3.5 hours and the value 
(A453-65o) obtained by subtracting the absorbance at 650 nm (Aeso) 
from that at 450 nm (A450) was defined as a degree of cell growth. 
The results are given in Table 6 and Table 7. 
Further, 50% cell growth inhibiting concentrations 
(-IC50) calculated from the data of A450-650 are shown in Table 
3 . 

Table 6 

4-hydroxy-2- Incubation Time 

cyclopenten-l-one 24 hours 48 hours 72 hours 96 hours 

2) e a r e e 

Concentration ( ) 



1.4 6 2.35 
0.73 0.54 
'J . 68 'J . 55 



( A45, 



0 1 . C 4 1.25 

5 0 0.57 0.71 

75 'J . 51 0 . 68 



Table 7 



4, 5- iihydroxy-I- 
per.tena 1 



Concentration (^M; 



Incubation Time 
24 hours 4 8 hours 72 hours 96 hours 

Degree of Cell Growth 

(A4 50-65C) 



0 
50 
75 
100 
1 5 0 



1 .04 
1 . 12 
1.11 
1 . 02 
0.96 



1.25 
0.83 
0.77 
0 . 63 
0.61 



1.46 
0 . 96 
0 . 67 
0 . 54 
0.41 



2 . 33 
0.98 
0.59 
0.59 
0.55 



Table 8 



IC53 


4-hydroxy-2- 




4 f 5 -di hydroxy 






cyclopenten-1 


-one 


pentenal 






48 hours 96 


hours 


48 hours 96 


hours 


Concentration ( iiM) 


60 


35 


165 


75 



(3) DSEK cells were prepared under the conditions as 
mentioned in Example 15- (2) and 20|li1 of medium containing 25, 
50, 75, 100, 200 or 4CC|.iM of 4 , 5 -dihydroxy-2 -pentena 1 , 4- 

nycr^'''xy-2-cycl.::pen^en-l-:ne, 4 - (9-guaninyl) -2-cyclopenrenl- 
one or 2 - : 3 , - aihyciroxy- 1 - bu teny 1 ; - 4 - ( 2 - f orm.y 1 vmy ^ ) - 1 , 3- 
dic-xC'lane were added thereto. 

A time cC'Urse of 72 hours was adopted and, every 24 hours, 
degree of cell growth was measured with a lapse of time. IC^: 









Table 9 






Name ot Substance 


TP- , 

^ D' J 


( l-lM ) 




2 4 hours 


72 hours 


4 -hydroxy-2 -cyclopenten- 1 -one 


207 


60 


4, 5-dihydroxy-2-pentenal 


232 


119 


4- {9-guaninyl) -2-cyclopenten-l-one 


132 


67 


2- (trans-3, 4 -dihydr oxy- 1 -buteny i ) -4- 
( tran3-2 -f ormylviny 1 ) -1, 3-dioxoiane 


267 


68 



Degrees of cell growth after 24 and 72 hours of the 
control to which no sample was added were 3.95 and 3.97, 
respectively . 

As such, when 4 , 5-dihydroxy-2-pentenai , 4-hydroxy-2- 
cyclopenten-l-one , 4- (9-guaninyl) -2-cyclopentenl-one or 2- 
(3, 4-dihydroxy-l-bu tenyl ) -4- ( 2 - f ormylviny 1 ) -1^ 3-dioxolane 
was added to DSEF; cells ( rheumatism model ) In x^itro, the cases 
where each of the compounds was ad^ied showed a significant 
innibition of growth of rheum.atism. cells as cc^m.pared with the 
case where ?3S was acled. Further, in observat:ons with a lapse 
of tir.e, it was noted that those compounds net cnly maintained 
their growth-inhibiting activity but also tended to potentiate 
the activity with a lapse of tim.e. 



d:oxj]_ane were fcunci to have strcrg ant i rne;.:r;a t i c activity and 
are expected to oe developed as therapeutic agents and health 
foods useful for chronic rheunatis.^. Further, all other 
cc-\pounds of the present invention also showed the same 
antirheumatic activity. 

Now, in the DSEPC cell incubation, 150^il/well of the 
supernatant liquid of the mediumi were recovered every 24 hours 
and influence of 4-hydroxy-2-cyclopenten-l-one or 4,5- 
dihydroxy-2-pentenal on the production of cytokines (human TGF- 
/3 , human FGF- /3 , human IL-1 a and human IL-10) was measured 
using an ELISA-kit specific to each of the cytokine ;the kit 
manufactured by INTERGEN for human FGF- ^? and human lL-10; and 
the kit m.anuf actured by Promega for human IL-1 a and human TGF- 
/3 ; . 

The result was as follows. 4 -Hydroxy-2 -cy c 1 opent en- 
1-one inhibited the production of human FGF- /3 and human IL-1 
a ; ( ^-guaninyl i -l-cyclopenten-l-cne mhooiteo ohe 

y ■ ^ _ ^ ^ ^ _ _ . . ^ rr , . . — ~ _ ci ; ^ ~ . o , 4 - o _ r. o r c x j^' - ^ - o^ u t e r. y 1 ^ - 4 - 
!2-forrr,ylvir.yl) -1, 3-dioxalane activated the Droduction cf 



:t 1 




established frorrL the patients suffering frc^m primary 
hepatoblastoma were suspended In a DMEM medlumi (manufactured 
by GiDCO) containing 10% of FBS (manufactured by BloWhl tta ke r ) 
tr> an extent of 3 . 8 1 0^ ce 1 1 s /m.l , each 2 0 0|ul of t he suspens Ic^n 
were placed In each well of a 96-well mlcrctlter plate and 
Incubated at 37^C In the presence of 5% carbon dioxide gas until 
the cells saturated In an Incubator, the medium was exchanged, 
then 4-hydroxy-2-cyclopenten-l-one or 4,5-dihydroxy-2- 
pentenal was added thereto as to be contained in an amount of 
25, 50, 100 or 250^M, the mixture was incubated for 24, 48 or 
72 hours, 10|al of Premlx WST-1 (MK 400; manufactured by Takara 
Shuzo) were added thereto, the mixture was made to react at BV^'C 
for three hours and the value {I\^^z-f>^:) obtained by subtracting 
the absorbance at 650 nm (Aeso) from; that at 450 nm 'A453 ) was 
defined as a degree of cell growth. 

The results are given in Tab-le 10 and Table 11. 

T b I e 1. 0 

4 - h y d r o x y - 2 - 7 n c b a ion Time; 

cycl :)p'enten-l-C'ne 24 hours 48 hC'Urs 72 hours 

Degree cf Cell Growth 
C-jn cent rat ion ( ( A.j5:-65: ) 




Table 11 



4 , 5-dihy droxy-2- 




Inc 


ubat ion 


Time 


pe^ltenal 


24 hours 


4 


3 hours 


7 2 hours 






Degree 


of Cell 


Grc-wth 


C o n c e n t r a t i C) n ■ |aM ) 






( ^4 50- 6 50 ) 




0 


3.47 




. 96 


2 . 57 


25 


3.39 




. 6 9 


1.70 


50 


1 , 97 




. 9 6 


1.70 


100 


1.81 




. 7 0 


0.89 


150 


1.40 


0 


. 7 9 


0.35 


As such, 


4 -hydroxy-2 


-cyclopenten-1 


-one and 4,5- 



dihydroxy-2-pentenal showed an activroy for suppressing the 
growth of cancer cells to hepatoblastoma HepG2 cells. Other 
compounds of the present invention snowed the same activity as 
well . 

Example 17 . 

;1) RAW 264.^ cells (ATCC TIB "1) were suspended to an 
BKZe^.t of 3 X 10"' cells/ml :...n an Eagle's mediuir modified cy 
T_.lbeccc , manuf act urea ii^y BioWnio t a ker ; 12-917T} ccntaining 
IjI of fetal bovine serum^ (manufactured by Gibco) , no Phenol 
Red and 2mM of L-glutamine (manufactured by Tifetech Oriental; 



were added 10|al of a 50|ag/ml lipopolysaccharide (LPS; 
manufactured by Sigma^ L-2C12) cr each 10|j.l of a 2 . 5|.ig/ml of 
LPS and a 500 units/ml of interferDn y (manuf acrured by Genzyme; 
code MG-IFN) , then 10|.ii of a 1000, 500 or 250)aM aqueous solution 
of 2- (trans-3, 4 -dihydroxy- 1 -bu t eny 1 ) -4- (trans-2- 

f ormylvinyl ) -1 , 3-dioxoiane were added, the mixture was 
in::ubated for 18 hours more and the N02~ concentration generated 
by oxidation of NO in the medium, was m.easured. Incidentally, 

a section to which LPS and interferon y were not added and a 
section to which 2- (trans-3, 4 -di hyd roxy- 1-but eny 1 ) -4- 

( trans-2-f ormylvinyl ) -1 , 3-dioxolane was not added were 
prepared as cc>ntrols. 

After the above incubation, lOOjul of a 4% Griess reagent 

(manufactured by Sigma; G4410) were added to lOO^il of the medium, 
the mixture was allowed to stand at room temperature for 15 
minutes and the absorbance at 490 nm. was measured. From a 
calibracion curve prepared by NaN02 of known concentrations 
dissolved in zYie abc>ve medium, che NO-' concenc r a t i on m the 
medium was calculated. All measurements were conducted in 
three series. 

The result was that 2 -( t r a ns - 3 , 4 -dihydrc^xy- 1 - 

bucenyl) - 4- ( t rans - 2 - f ormy 1 viny 1 } -1, 3-dicxc>lane inhibited the 




The result is given in Fig. 14. Thus, Fig. 14 shews the 
NO2" concentration in the medium when 2 - ( t rans - 3 , 4 - 
dihydroxy-l-butenyl) -4- ( t rans-2-f <3rmyl vinyl ) - 1 , 3-di Dxolane 
was added followed by incubating under each of the incubating 
conditions. In Fig. 14, an abscissa indicates incubating 
conditions and an ordinate indicates N02~ concentrations (fiM) . 
In the drawing, 2- (trans-3, 4 -dihydroxy-l-butenyl ) -4- (trans- 
2-f ormylvinyl ) -1 , 3-dioxolane was referred to just 
" dioxolane'' . 

Even at the final concentration of lOj^M where no 
inhibition of cell growth was noted at all, 2 - ( t rans - 3 , 4 - 
dihydroxy-l-butenyl ) -4- ( t rans -2 - f ormy 1 viny 1 ) -1 , 3-di 0x0 lane 
showed an inhibiting activity for NO production to an extent 
of about 50%. This result indicates that the inhibition of NO 
production by 2- (trans-3, 4-dihydroxy-l-butenyl ) -4- (trans-2- 
formylvinyl) -1, 3-dic-xolane is not caused by inhibition of cell 
growth by 2- (trans-3, 4-dihydroxy-l-butenyl) -4- {trans-2- 
f c rmylvinyl ; - 1 , 3-diC'Xolane . All other compc-unds of zne 
present ^nventic^n showed the same activity as well. 

Example 1 3 . 

Each 5 mi of an RPMI 1640 medium containing 10- of F3S 




added to make the final concentrat ic^n 0, 12.5, 25, 50 or lOOf.iM 
:;r 4-hydroxy-2-cyclO'penten-l-one was added to make the final 

o Dncent ration 0, 2.5, 5, 10, 20, 40 or 80|aM and the mixture was 
incubated for six hours more. 

After completi'i-n of the incubation, cell numbers were 
counted and then the cells were recovered by centrif ugation and 
washed with PBS to prepare the cells treated with each of the 
samples. In addition, cells which w^re- hp^tpd at 45°C for five 
minutes followed by subjecting to the same incubation were 
prepared as well. 

The cells treated as such were rhen subjected to an 
SDS-PAGE according to a method m.entioned in ''Molecular Cloning" 
(Cold Spring Harbor Laboratory Press, 1989) . Thus, the cells 
were suspended in an SDS-PAGE sample buffer to make the 
concentration 2.5 > 10° cells/ml, the resulting cell 
suspension was treated at 100 °C for ten minutes, each 5\xl 
thereof were applied to two sheets of SDS-PAGE gel (a 5% stacking 
g*:^'l and a 10^ sepaiaticTi eel) and an e 1 ec t ror he re s i s was carried 
o t . One of t n e gels w a s t a m e a w ^zr. C o c; r: a s s i e v; h i 1 e a n o t h e r 
was subjected to a blotting to poly vinyl idene difluoride 
transfer memt^rane ( ImiriDbi Ic^n^^^ m.anuf actured by MILLIPORE; 
catalctg no. IPVHOOO-IC) . This membrane was subjected to a 




was made to react with monoclonal antibody HSP 72/73 (Ab-1) 
(manuf a ::tured by Oncogene Research Product s ; catalog no. HSPOl) 
which specifically reacted with heat-induced heat shock protein 
of 70 kDa, washed with TBS containing 0.05% Tween 20 and further 
washed with TBS. After that, it was made to react with 
peroxidase-compounded secondary antibody HRP-Rabbit Anti 
Mouse IgG (H + L) (manufactured by ZYMED Laboratories; catalog 
no. 61-6520) and washed as same as in the previous operation. 
The membrane which was made to react with the primary antibody 
and the secondary antibody as such was made to react with 
RENAISSANCE™ ( a chemiluminol reagent manufactured by Dupont 
NEN, catalog no. NEL-100) and then exposed to X-ray film to 
confirm the induction of the heat shock protein of 70 kDa . 

As a result, induction of heat shock protein by 4,5- 
dihydroxy-2-pentenal and by 4 -hydroxy-2-cyclopenten-l-one was 
confirmed. Degree of intensity of the induction was shown in 
Table 12 and Table 13. In Tables 12 and 13, " shows zhe 
inoensit.y of induct:ic;n and che more the ^ -he more ::he 

mductiC'n. Incidentally, means no induct ion and " n" mesns 

a little induction. All other com.pounds c^f the present 
inventi'on shc'wed the same heat shock protein inducing activity 
as well . 




Table 12 







Concent rat ion 


(^M) 






1 .25 


25 50 




100 


4, 5-dihydroxy-2-pentenal 




± + + + 






Table 13 






Concentration 


(MM) 






2 . 5 


5 10 20 


40 


80 


1 -one 




± + + + + 




± 



Incidentally, untreated cell suspension showed"'-" (no 
induction) and cell suspension which was heated at 45°C for 5 
minutes showed 

Example 19. Injection. 

The neutralization product of the heat-treated D-ribose 
which is described in Example 1 was concentrated and dried. 
Then the resulting product was dissolved in distilled water for 
in]ectic)n t:o prepare 1 5? soluticn. This solution was packed in 
vials for f ree ze-d r y ing in an amount ::;if 10 m,g based uocn the 
supernatant fraction and then f reeze-dr led . A physiological 
saline sc'lution (2 m.l ) was separately attached thereto as a 




By the same manner, 4 , 5-dihydroxy-2-pentenal , 4- 
hydroxy-2-cyclopenten-l-one, 4- ( 9-adeninyl ) -2-cyclopenten- 
1-one, 4-(9-guaninyl)-2-cyciopenten-l-one, 2-(3,4- 

dihydrc'xy-l-butenyl) - 4- ( 2 - f ormy 1 viny 1 )-l,3-dioxolanel or 5- 
epoxy- 1 -hydroxy- 3-penren-2 -c-ne was used to prepare injection. 



Example 35. Tablets. 

Tablets were prepared in accordance with the following 

formulation . 

Heat-treated sodium salt of DNA 10 m.g 

Cornstarch 65 mg 

Carboxymethylcellulose 20 m.g 

Polyvinylpyrrolidone 3 mg 

Magnesium stearate 2 mg 

Total 100 mg per tablet 
The freeze-dried product of heat-treated sodium salt of 

DNA which is described in Example 4 was used. 

By the same manner, 4 , 5 -dihydroxy-2 -pent enal , 4- 

hydroxy-2-cyclopenten-l- --ne , 4 - ( 9-adeniny 1 ) -2 -cyclopent en- 

1 - I'ne , 4 - { 9-guani nyl ) -2 - cycl cr^enten - 1 - jne , 2 - ; 3 , 4 - 

dihydr :>xy-l-bur enyl ; -4- ( 2 - f ormy 1 vinyl ) -1, 3-dioxolanel or 5- 

epc'xy-l-hydroxy-3-pen^en-2- one was used to prepare tablets. 



therecf having an apoptosis-inducing ability which induces 
apc'p tc^s i s to cancer cells in cancer and is effective for the 
prevention and treatment of cancer, and also offers the compC'Und 
of the present invention which is a substance having an 
apc'p^ I'sis-inducing ability. The present invention also offers 
a method for the manufacture of 4 -hydroxy-2 -cyclopent en- 1 -one 
from pentose other than uronic acid group . In digestive cancers 
such as colonic cancer and gastric cancer, in particular, the 
apoptosis of the cancer cells can be induced by orally taking 
a compound which is selected from the heat-treated product of 
the present invention and/or a partially purified product 
thereof or the compound having an apoptosis-inducing ability 
as food or beverage. Thus food or beverage which a compound 
selected from the heat-treated product of the present invention 
and/or a partially purified product thereof or the compound 
having an apoptosis-inducing ability contained therein, added 
thereto and/or diluted therewith is quite effective for the 
r^revenorc^n and oreatment o: digestive cancers. Ine 
c:h a r::i sceu t i la 1 agents which contain a compound which is 
seler.ted frcm the heat-treated product of the present invention 
and/ir a partially purified product the rei)f C' r the comoDund 
having an apoptosis-inducing ability as an effective comc'C^nent 




tc a hIGF production inducing ability, said pharmaceutical 
agents are also effective for the treatment and prevention of 
disease requiring the induction of hIGF-1 production. Said 
pharmaceutical agents are also effective for the treatment and 
prevention of disease requirrng the suppression of active 
oxygen, for example the suppression of NO production. 
Furthermore, due to heat shock protein inducing ability, said 
pharmaceutical agents are effective for the treatment and 
prevention of disease requiring the induction of heat shock 
protein, for example viral disease. 

It is possible to supply the heat-treated product of the 
present invention and/or a partially purified product thereof 
or the compound having an apopoosis-inducing ability at a low 
price in a large amount from using foods as material. 
Furthermore, the present invention offers a method for 
conveniently inducing apoptC'Sis by using the heat-treated 
product of the present invention and/or a partially purified 
product thereof or the ccmccund having an ap cp tos i s - ma jc m g 
a C' i 1 i t y as an effective c o:v.p c n enz w h e r e u p c: n c n e s t u ci y ::) f 
meizhanism c-f apoptosis and the developm.ent of apoptcisis- 
inducing inhibitor can be conducted by using said methc>d. 

Fur t he rmc^ re , the present invention O'ffers the 



intractable diseases such as cancer, rheumatics, diabetes 
mellitus and viral disease. 

The present invent ion further offers food or beverage 
which a compound selected from the compound of the present 
invention contained therein, added thereto and/or diluted 
therewith. Said food or beverage is a functional food or 
beverage such as apoptosis-inducing , carcinostat ic , 
antirheumatic, anti-diabetes mellitus and heat shock protein 
inducing food or beverage which is effective for the prevention 
and improvement of intractable diseases such as cancer, 
rheumatics, diabetes mellitus and viral disease. 

The present invention further offers a convenient method 
for the manufacture of 4 , 5 -di hydroxy- 2 -pent enal and 4 - 
hydroxy-2-cyclopenten-l-one. Furthermore , the present 

invention offers the novel compound having physiological 
activity such as 4 - { 9-adeninyl ) -2 -cyclopent en- 1 -one , 4-(9- 
guaninyl) -2-cyclopenten-l-one , 2- (3, 4 -dihydroxy-l~butenyl ) - 
4 - ( 2 - f orm.yl viny 1 ) - 1 , 3 -dioxo 1 ane 1 , 5-ep oxy - 1 - hydr■::■xy-3- 

penten-2-one and tne compound represented by the formula [Z] . 



